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OBSERVATIONS ON THE EFFECT OF ENVIRONMENTAL 
CONDITIONS ON THE STRUCTURE OF THE LATERAL 
ROOTS IN SUGAR BEET ‘ 

By Krnkt Arthchwager 

Patholngistf Divinion of J^ugar Plant Invesiigaiions, Bureau of Plant Industry^ 
ignited Staten Dcpnrltnenl of Agriculture 


INTRODUCTION 

IMants of sugar boot (7)V/u riilgarl^ L.) at Stnle C\)ll€'ge, N. Mex., 
which were being grown for seed product ion by the overwintcring-in- 
tiie-field method in the fall of 1935 and spring of 193b, afforded an 
o])porlunity for the study of growth and (hweloprnent under a variety 
of conditions. In the experimental plantings - the influence of pre¬ 
vious crop])ing j)ractices upon seed yields was being determined by a 
series of replicated j)lots. In this series of plots during the s])ring 
and summer of 1935 such crops as cantaloups {(\icumis melo L.), 
cowpiais {Vifjna ("rornei) Savi), Sei^bania spp., corn (Zea 

mays L.), and Sudan grass {SorylDun rulyare var. sudanensf (Piper) 
llit<*hc.) had been grown, and the effects of these crops on the sub- 
scapient sugar-lx'ct secsl crop, in contrast to fallowing the soil, were 
under test. In the fall of 1935 noth^eable differences in the top growth 
and a])pareut Mgor of th<^ sugar-beet plants were e\blent, the fallow 
])lots showing greatest growlhj the pre(;ediiur crops in their effects 
could be rank(*d in tin' o " ^ 
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in the fall, such as thosi.previously cropped to corn, could hardly be 
distinguished from tlu' better looking plots of the series. 

The variations in soil type, field contour, insect infestation, and 
prexious handling made it ])ossible to secure from the experimental 
plots a number of colh'ctions of sugar-beet roots representing a range 
of ex])osurcs to diverse environmental conditions. Attempt was 
made by study of latc'ral root structure to link the deviations from 
normal development with the emironmental conditions which ob¬ 
tained in the soil siirroiinding the roots selected. The study was lim¬ 
ited to the lateral root structures and is j)iesented as a ])reUminary ap¬ 
proach in a field of research about which there exists little information. 


MATERIAL AND METHODS 

The material for study was obtained from the overwintered sugar- 
beet ])lants, after active growth had been resumed in the spring. The 
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soed lind been planted in early September; development of 
the s(*edliMos was ra])id during: the fall and early winter. Growth 
continued even durin< 2 : the brief winter months and w^as actively re¬ 
sumed early in March. The plants to be examined were dug with a 
lar^e clum]) of the adolx^ soil adhering and taken to the laboratory. 
Tlie i)lants with the adherin. 1 !: soil w'ere soaked in a larjj^e tub filled 
witli water. loosened soil was then carefully rem()V(‘d, alter 

which (»ach ta])ro()t with the laterals was placed in a shallow' dish ol 
water. The rootlets were cut off close to the taproot and tied together 
in bundles of about JOO each. The bundles w'(‘re tluui cut to a lenjxth 
of tliree-(juarl(*rs of an inch, fix(‘d, (‘lubcdded, and cut as sin«>:le units. 
This arrant^enuMit made i)ossible the handling of a lar^e number ol 
rootlets and facilitated coiuparati\e study under the microsco])e. In 
one or two cases where tlu' stand was sparse' only two ta])roots we're* 
use^l as a source of lateral rootlets, but in most case's li\c or six tap¬ 
roots furnisheel the lateral I'ootlets used in this stuely. The jnate*rial 
was lixeel in Karj)ech('nko solution and stained with Delalie'ld haeina- 
toxylin 

DISTRIBUTION, ORIGIN, AND STRUCTURE OF LATERAL ROOTLETS 

^riie* lateral rootlets of the su^ar be<*t are liliforin and gene'rally are* 
spreael horizontally, remaining cemfine'd mostly to the te>])soil to the 
ele'ptli of a ele^'p furrow. Ace'e^relinii: to Andre'ws,’^ the late'ral re>e)ts 
pei'ineate eve'ry euibic centimeter o( teipseul to a elepth eif S to 1 1 
inches and e'xte'nd laterally 2 fevt or nmre*. The* adolie* nature' of the* 
se)il made it elillicnlt to trace the inelivielual rootle'ts for more tlian lo 
inche^s, but the e)bse*rvations l)y Andrews cite'el above* and those* of 
Eure)])ean inve'stiji:ators'* showMa)ne-lusively that the* horizontal s])re‘ad 
of the laterals exte'iids some* elistance t)e'yond the confine's eif the 
indixiduai reiw s 

The lateral roots are whitish anel, lor anya:iven ta])roe)t, of approx- 
imate'ly eepial eliamete'r, save for a few scatte'reel melividuals. The'v 
eicciir in twei more* e)r le*ss distinct rows alem^ the llattene'el .dele' eif the* 
tii])root. As is usual for lateral roedlets, theise of the be'e't have* the'ir 
ori<z:in in the ])erie‘ycle (])1. 1, A); but, as the taproot ine*re*as('s in 
thickness, late'rals that are later forme'd arise Irom the meire ])eri])heral 
rin^s of growth. The rootie;ts are* cove'red for a considerable* distaiu'e* 
with rat lieu* lon<i^ reiot hairs that reunain alice for a lemji: time* 

The anatomiead structure of a lateral reieitle't is simjile; eae*h reieitlet 
e'emsists of a broael theiu^h few-ce*lle*el ceirtex surroundinij: a miniature 
stele wuth the usual tyjie eif tissue arrangement (lif^. 1 j. This strue*t ure* 
dilfers fremi that eif the taproot in its iiroteixjdem ])late, in the abseiu'e 
of secondary <j;rowih, ami in the lae'k of jieriderm. 

( ENTIIAL e'YLINDKK WITH ITS KNJ 30 J>EKM 1 S 

The central cylineler is maele u]) of the ])re)t()xy]em ])late with alter¬ 
nating ])hle)e*ni ^remjjs, a single-layered ])ericy(‘le, anel a banel eif 
jiaremchyma be'tw^een xyle*m and ])lilo(*m, in w'hie*h a few' tangential 
divisiems, the initials eif a ruelimentary cambium, are eliscernible. 
vSimilar tangential diyisiems may be observ'ed in tlio pericycle, and 
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the Lefivev l."): 17--2<), illus 1927. 
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A, ('lo'^s section of latoial lootlet with einertniifi torliarx root 'I'lie thiekcne»i i‘iulo<ii'riiml celN form an 
unl)roken seniicirile it, Thick-waUed ciulodciinal colKof ieriiar> root contimiou'' witli tlu)^o of pareiu 
roitt Inch has a broken tM>c of cndodormi’; Both 4 id 









Ti!iiisv»*rst‘srctioii of lutoml rootlut with unbroken type of endotlorniis /<, ImbrokiMi thick>wdlU‘d 
en<Jo(ierniis |\^o frllt'wide in plnceh Parliiilly broken typeof f hlck-w'alled ondodorrnis. I), Broken 
type of ihick-walled oiidodernu.s Note fhsil the tlun-walled cells lie opposite the protoxjleni points. 
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although a cojiipleto pliollogcii may occasionally be fonned, a ])cn(icrm 
is never dev eloped. 

The protoxylem ])lale of the taproot is diarch. Tn the lateral root¬ 
lets such ])lates are not iincominon, but the bulk of the laterals is 
triarch, and in larger rootlets, though not limited to them, tetrandi 
])lates are often found. Tlie ])rotoxylein of the jilates of older rootlets 



I'MiMtK 1 -( >rcli()ji (»f lateral reotlfi of siijiar beet Kmlofleririi'' ('ompoM**! ol iliuk itnl ihm- 
walled cells />, peiicycle (some of the <h*11s have duided taiijrenlia!l> to ff)nn a paitiil i>lie!lom>ru, ?'/(, 
phloem, pi, |)n)to\\ lem, c, cafrihiinii, iort, corte\ ^ 3i(» 


is aiignie ited by metaxyhun (elements that sometiuu's givi* tlu* central 
part of ^ je rootlet the appearance of a solid xyleni con’. 

Tin’s idodermis is com|)ose<l of a single layer of axially elongated 
cells w ich form a complete jacket around the c(‘ntral stele. The 
cells have the characteristic (^isparian strips and in addition develop 
secondary thickenings which are of cellulose and stain intensely with 
Delafield haematoxylin. ThCwSe secondary tliickenings may be 
present in all endodermal cells (pi. 2, .4), or they may be absent from 
certain sectors (pi. 2, Cy D); sometimes they are altogether wanting. 
Differences in the patterns formed by the thickened cells resuH in 
three types of endodermis, as follow's: (1) The “unbroken” type, 
designated in the tables as a, where the thickened cells form axially 
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uninterrupted rows; (2) tJie “slightly broken^’ type, designated as iS, 
where there is an occasional inteqxdation of an unthickened member; 
and (3) the “broken^^ l.ype, designated as 7, where there is a substi¬ 
tution of additional thin-walled cells. In the latter type the thin- 
walled cells usually lie opposite the protoxylein points (fig. 1 and pi. 
2, 7>), but this relation does not always liold true. In the broken 
type of endoderrnis there is often a great difference in the sizes of the 
endodermal cells (pi. 2, />), a difference that is the more striking the 
greater the number of thin-walled cells. Tlie ring of thickened 
endodermal cells is sometimes augmented by the developriuuit of 
secondary thickenings in adjacent cortical cells (pi. 2, B), At times 
secondary thickenings may even be found in certain pericyclic cells. 
Where branch roots depart from a lateral, a continuity of the thickened 
endodermal cells of the parent and branch root, is usually maintained 

(pl. 1, B). 

EFFECT OF ENVIRONMENT ON LATERAL ROOT SYSTEM 

The influence of the preceding crop in the rotation on the lateral 
root system of the sugar beet was studied on material from plots that 
had previously been planted to com, Sudan grass, SeshaoUtj or cowpea, 
or that had been left fallow. For data on the influence of unfavorablc 
environment, plants were selected from waterlogged spots, poor sandy 
corners, and from areas in the plots in which the plants showH'd heavy 
infestation with plant lice on the young loaves. Most of tlu' plants 
where growth conditions were unfavorable showed a yellowish dis¬ 
colored foliage and poor top growth. Samples W(‘re tak(Ui in March 
after resumption of active vegetative growth and again just before 
bolting. 

Macroscopically, the root systems of the beets from the ditrerent 
plots were much alike, save for individual variation. Wla^n to[) 
growth was compared, one was struck by the fact that the })lants 
from the rather poor-looking plots, such as those ])reviously (*rof)|)(Ml 
to corn, had a root system ecpial and at tinu^s superior to those from 
tlic vigorous cowpea or fallow^ plots. Since the beets from the corn 
plot at time of bolting ecpialed those from the other field plots in 
vigor, it became quite evident that the w'ell-develoj)ed root system 
of the beets from the corn plot was in a large measure responsible for 
their rapid subsequent development, notwithstanding their poor top 
growdh showing during fall and early s})ring. 

However, the factors that influenced grass top and root develop- 
juent had no appreciable effect on the inner root structure, as may be 
seen from a study of table 1. Taking as a criterion the large healthy 
plant wdth big taproot, no. 4 of table 1, the diameter of the laterals 
averaged a little more than 3()(V, while th(' ratio of diamet(»r of 
rootlet to diameter of the stele inclusive of the endoderrnis was 
approximately 2.51:1. The rootlets from the plot in which corn 
preceded sugar beets had a slightly larger stele, and the ratio of 
diameter of rootlet to diameter of stele was 2.70:1. This w’^as a 
somewhat lower ratio than that observed in the rootlets from the 
cowpea or fallow plots. 

The rootlets from plants growing under unfavorable environmental 
conditions gave less uniform data. However, the differences in 
structure were only quantitative in character, since pathological 
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disturbances, so often associated A\ith abnormal environment, bad no 
influence on the general make-up of the roots. 

The majority of the rootlets, from whatever source, had three 
jirotoxylem points. Roots with predominantly diarch plates were 
observed on only one occasion (table 1 , item 5). They came from a 
rather unfavorable location and often exhibited pathological dis¬ 
turbances in the phloem and adjacent tissues. The ratio of diameter 
of total root to diaimder of stele, however, was approximately the 
same as that of roots from a normal environment. 


Takle 1. Afeasarements and microscop'ic data on the lateral roots of sugar-heet 
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The three types of eTulodtumis, as illustrated in ])lale 2 , A, (\ and />, 
and referred to in laRle 1 as eiidodermis patterns a, 7 , were found in 
all root material, regardless of its source. Random ol)scrvations on 
cross sections showetl a prevaleiuH* of one or th(' other type, but this 
was siddom sulficieiitly definite to be significant.. Roots from an 
apparently normal ein ironment (from (*orn, cowpea, and fallow plots) 
showed the closed and broken types in fairly equal proportions, while 
the j-oots from plants growing in an unfa\()rable environment showed 
a })reponderance of the broken type (table 1 ). An exception again is 
found in the roots from a plot previously noted as having mostly diarch 
})rotoxytem plates (table 1, item 5), in which the vascular cylinder was 
almost alwavs jacketed with an endodermis of unbroken thick-walled 
cells. 

PATHOLOGICAL DISTURBANCES 

It woTild be strange, indeed, if among the large number of rootlets 
belonging to a plant only normal individuals should be found; and it 
is not(^worthy that in the case of the lateral rootlets of sugar beets 
growing in what should be considered a normal environment the per¬ 
centage of diseased individuals is so small. If diseased rootlets are 
present at all, the type of injury is usually slight and often mechanical 
in nature, being limited to a destruction of small sectors of coi tex and 
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rarely rea(4iing the vascular tissue. At times, the entire cortex is 
more or less collapsc^d while tlie vascular tissue is stiU normal and 
capable of conducting water and nutrients. True pathological dis¬ 
turbances in th(^ vascular tissue are sometimes found in the protoxylein 
cells; these arc seen filled with a gummy deposit, or may even contain 
micro-organisms. 

In plants grown under seemingly disadvantageous conditions, espe¬ 
cially wh(ui tem])orarily subjected to high water during the winter 
months, tl»e numlxu- of diseased rootlets may bo quite large and the 
pathological ))icture fundamental and severe. J)iseased xylem cells 
become (piite common and are often accompanied by pathological 
changes in the watei'-condacting cells or even by a diseased condition 
of (he ])hloem (pi. .S, A). Jiiloem necrosis in its inception is limited to 
a few’ pericyclic c(ils, thos<^ (‘lements that w'(‘r(‘ shown to be so sus- 
(‘cptible to virus invasion.’’ 

Th(» diseased pericyclic c*ells are usually few' and do not hypertro])liy 
like those affectc'd by the curly top virus. At times they separate and 
a. red gummy deposit is found lodged in the intercelhdar space formed 
between the cells of the endodermis and those of the pericych*. 
I'Sually, how'(‘ver, lu'crosis spreads from the pericycle to the ])hioem 
and the adjoining parenchyma cells, involving all phloem grou])s or 
being limited to one or two, depending on whether the root in qm^stion 
is diar(‘h oi* has a. larg(‘r number of protoxylein points. The necroti(* 
lesions soniewdiat resemble those associated with the curly top disease, 
but, fundaimuitally, they rather belong to the type found in ])otato 
plants affected with the leaf roll disease.*' 

Necrosis in some of (he rootlets has a stimulating elle(‘t on tin* 
phellogen of (he stiP healthy sectors, causing the production of a partial 
multilayered periderm (pi. li, 7f). A similar eHect may also be noted 
on the normal caniliium below' the diseased phloem. 

SUMMARY 

Under normal conditions, the lateral rootlets of the sugar beet 
develop no secondary tissues and the protoxylein j)lates are predomi¬ 
nantly triarch. The cells of the endodermis often develop secondary 
thickenings, forming an entire or partly broken thick-walled ja(‘ket 
around the vascular cylinder. If the thin-walled cells are few' in 
number, they may well be likened to transfusion cells which are sr) 
common in a thick-w alled endodennis. 

The ])receding crop in the rotation, while inliibiting early top 
growth in some plots (noticeably in beets after corn), apparently 
(lid not alfect root development; e. g., the sugar beets from the 
“after-coni^^ plot, characterized by less top growth, showed a root 
system equal to that of the luxuiiims ‘‘afte]-cow'pea’’ plot. No 
significant structural differences w'ere noted in any of the material 
coining from an apparently nonual environment; but distinct path¬ 
ological changes, especially in the nature of phloem necrosis, were 
observed in plants grown under disadvantageous soil conditions. 

5 ART.M('HWA(JER, E . mid STARRKTT, Ti (5. IIlSTOLOUlt Ar. ANI> rVTOr.OGICAl, CIIANGEH in meets AKKECTEn 
WITH CURLY TOi* Joiir Apr. Research 53 (537-f>57, illiLS 1930. 

« Artsciiwager, E. ocn rrknck and .significance of phloem nkcro.sis in the IRISH potato. .lour 
Agr. Itesearch 24: 2.37-21.5, illus. 1923 



1, DiMMistMl liiteml rootlet slmv^iiiK deposit in proto\>lem e’en nij<l i)hlocm necrosis. There is much 
\firiatiou in the size of the erulodermal cells, most of which are thui-walled. H, Transverse section of 
diseased lateral rootlet The rootlet is triarch w’lth tw'o of the phloem groups necrotic, above the third 
phloem t^roup is a well-devoloi»ed several-lajered periderm. Both \ 750. 



EFFECT OF THE D^VARF DISEASE ON THE ALFALFA 

PLANT• 

By J. L. Weimkr 

Srriior pathologist, Division of Forage Crops and Diseases, Bnrenii of Plant Industry^ 
Vmted States Department of Agriculture 

INTRODUCTION 

In previous papers (/J, 6', 7)“ the writer luis discussed the nature of 
the ilwarf disease of alfalfa (Aledlccujo sat Ira L.) and the etfect of 
(‘ertaiu environmental factors on its spread and development. That 
the disease causes a considerable disturbance in the normal histology 
and physiology of the alfalfa plant is indicated by the dwarfing of the 
to])s and tin* extensive discoloration in the roots. The n‘sults of 
certain histological and physiological studies made to obtain a belter 
und(‘rsta,nding of the nature of the etreci of dwarf on the alfalfa ])lant 
form the basis of this {)aper. 

HISTOLOGICAL METHODS 

For the most f)art fresh material was used, although many roots and 
stems were fixed in forrtial-acetie alcohol, embedded in paraffin, sec¬ 
tioned, and stained. Some material was stored in fixative and sta¬ 
tioned with the sliding micrtJtome without being embedded in ])araffin. 

The varicti(‘s studied wen* Hairy Peruvian and (diilean, and the 
plants w(M'(» collected in the tield at dilferent times of the year. 

Various sttuns were used, but Ibdderdiain’s iron-alum haematoxyliti 
and carbolfuchsin were th(‘ most helpful. Certain jtoints, such as the 
yt'llowingof the \(‘ssels, could be studied best without staining. 

THE DISEASE IN THE ROOT 

Wlien the bark is remo\ (al from iliseased tapro(»ts in (he w inter and 
spring the yellow color observed dtiriug the growing season [a) usuall\ 
IS found to be more or less overgrown with a thin layer of mwv white 
wood (fig. 1). With the advent of cool weather in the autumn tlie 
disease* becomes l(»ss a(*tive and gum ' formation eeas(*s, so that by late* 
spring a, layer of white wood I mm or more in thi(‘kness is present 
between the cambium and the yellow wood produced during the pre¬ 
vious summer. The thickness of tliis new' layer varies greatly in 
diHerent roots and in diilVrent j)ar(s of the same root. A relatively 
thick layer of new' vvoo<l may form on one side of the root, where the 
disease has not made such inroads, and little or none on the other 
side. A macroscopically perceptible layer of new w ood may be present 
as early as December. Tin* disease becomes active again the m*\t 

' for ixihlication Ort i.ssnod Vugiist 1<»37 ('oo]H'rali\r iiuestipanoiis of tho ilnisioii of 

Konino (^rops ana 1 Hureaii of riant liulu.str\. I S in-parlnu'Mi of Vjjnciiliiin*, and tlu* diMMon 

of Agrononiv. ('uliforniii .AKnoiiltural KxptTiriu'nt Station 

• UidorHice IS inadi* l>> nuinboi (iialir) to l.iioraturo (’iumI, p 104 

’ Thf‘ term “jnini” is used to desii'nato the niaterial phmjnnti the vessels, letraidlcss of iis eheimoal eom^ 
position 
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spring and by inidsummor lias involved much of the new wood, and 
the plant slowly succumbs. 

A microscopical study of cross sections of diseased roots shows 
clearly the parts affected. Little or no evidence of trouble of any 
kind appears in the bark, cambium, wood rays, or fibers of affected 
plants until the late stages of the disease, when there is usually some 
yellowing caused by a soluble stain. The parenchymatous cells con- 
liguous to or near plugged vessels are sornetiines affected, as is shown 
by the yellow color in their walls and their staining reaction. Some¬ 
times there is a small amount of plasmolysis in these cells also. How- 



FkiI'rk 1 (’ro‘is hikI longitudiiuil soclums of three alftilfa roots affeeted witli dwarf The dark-colored 
streaks are rejiioris where the vessels are plugged with gum riiese roots show the earl.v spring coiKlition, 
w’heri the discolored ureas are covered h> a layer of new growth In cioss section .1 the alTected tissue;* 
form H complete dark colored ring ahout 1 mm lieneuth the camhiiim. Cross section li shows a much 
w'lder band of diseased cells on the right and upjier sales than elsewhere, and cioSvS section C"shows (»nl\ 
a very small discolored region in the upper left-hanfl jwirl Coinimre with figure It, which shows not onl> 
the unalTecfed region of winter growth cx»vering the afleetefl ducts beneath t)Ut also the layer of j>lugged 
cells nearer the cambium, develoiieil during the current seuson About milural size. 


ever, in many cases, at least in the earlier stages of the disease, the 
parenchyma cells stain and appear quite normal. No X-bodies have 
ever been seen; the visible evidence of the disease is restricted for the 
most part to the vessels of the xylcin. 

Not all of tlie xylem is affected. The plugging at first may be 
limited to one or a few ducts in one or more bundles. Even in fairly 
advanced stages of disease (*ertain bundles may be entirely unaffected 
while others are badly plugged (fig. 2). In fact, usually only a com- 
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])arativcly small proportion of the total number of ducts of a bundle 
are involved (figs. 2 and 8). Tlic affected region in roots in which 
the disease is most active, as indicated by the formation of gum, lies 
j ust within the cambium; that is, in the part of the xylem that is function¬ 
ing most actively in transporting water and nutrients. In advanced 
stages of the disease so many of the ducts in this region may be plugged 
that water cannot reach the tops in sufficient quantity to prevent wilt- 



I’u.i HI- 2 ('ross .st'clion of alfalfa root haMiiK iiUMiuiiii Mage of cluarf. Oiu* bundle ini ha*? no plugijcd 
\essels, wlulc tin* acljaivrji bundle on Ihe loft has st<\eral and the one on the right has two \lthoiigh 
unafTeefed bundles are (dten huind, more fieqijenll> soiiio ducts in all the bundles are nioie or less 
plugged, espeeiall.N in the lati'r stages of tin* diM'as(‘. The afTceted region is several cells back fioin the 
caiubmin, a condition commonly seen during the inter and spring months. X 35 

ing during the middle of the day in bright weather oven when the st)il 
moisture is very liigh. 

The youngest vessels next to the cambium may be ])lugged but 
usually they are not except in the late stages of the disease. The 
plugging is most commonly in the second and third layer of ducts from 
the cambium. The width of the affected region iiuToases as tlie 
disease develops. In the later stages the affected area usually occupies 
a zone not more than 2 or 8 mm in widtli, or, roughly, the outer third 
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of the distance froju the center of the root to the cainhiiini (fi^. 3). 
Not much eo!isisteney is sliown in tlie wav the du(*-ts arc pluf?f 2 ;ed. 
SoiuetiiiK^s the lar< 2 :er, sometimes the smaller, and sometimes all the 
ducts are involved, A sinjjcle plugged duet or a jz:rouj) may be sur- 
roumh'd ])y ducts that apparently are unaflected. Likewise, one 
bundle may have a number of plugged ducts while an adjacent one 



HiornE section of clfulfa root lif»\ inp late stapr of <lTi\arf. <li.stirut can Ik* <libiin 

puislicd m tlio outer half of the wood, two in wdneh the vesMdsaro pluppcd with piirii, si'parafcd a ihinl 
which is almost iinatlccted d’hc hand nc\l to tb« canihimn, which Is the current season's erowth, (K'Ii- 
tains a lurfje percentape of plnpped flucts UencHtli thisla.vei is the wintei piowth, in w hi<*h the du< ts aie 
larpeh free of piini, allhouph all or m‘arl> all of the ducts in some bundles appear to b(« plnpped, 'J'he 
pnnious season’s prowlh, just beneath, also is badly atlecUsU. X 35. 

has only a few or nom' r.t all (fiji:. 2). Many ducts lyinj^ end to end 
may be plugged, forming long strands of ap})arently continuous gum. 
Tlie gum often shrinks and pulls jiway from tlie walls. Tyloses are 
sometimes ])resont in the ducts. 

TIIK DISEASE IN THE STEMS 

It was pointed out in a previous paper {5) that the tops of affected 
plants show a gradual dwarfing which continues until the plant dies, 
it miglit be expected that the yellowing and plugging of the vascular 
system of tlie diseased roots would extend into the stems, but a study 
of many sections of stems has shown little if any stain and only \i 



July If). l«37 


91 


Kjffect of Dwarf Disease on. Alfalfa Plant 

snuill amount of plugging. Such little i)lugging as there is in the 
vessels of the green stems is found chiefly in the late stages and then 
only for a distance of an inch or two above the crown (fig. 4). The 
vessels of the stem that are j)lugged arc usually though not always 
near the pith. The la(‘k of extensive plugging in the stem tissue may 
be due, at least in pai t, to the fact that the disease progresses very 






I I'.i lih 1 ( s«'(li(iii III a (»f an Mlfalfa afUTtiMl wuh dwarf. S«>\oial phiirm'd ducts rm* 

t'\ idont, hut piuuiunK ut iIm' n c-sm-I" m thn stems is not »*\t»'i»si\i;, < hilv the wlein is clcarlj .show n 'J h» 

jHtiiis at the lower p'ltf ot the pi< fiife >' l**u 

slowly and that tli(‘ stems are cut frequently (once e\ery 28 to 84 
(lays) (luring tlie growing season, wlum the disease is most active. 

CHAKACTER OF THE GUM 

The gum may be honiogcmeous in cJiaracter (figs, o and (>); it may 
have what appears to be a iloctudent or granular ])re(‘ipitatc; or it may 
contain numerous coccuslike or rod-shaped bacterialike bodii^s (fig. 7), 
The homogem^ous and granular gum is comparable to that formed in 
many other })lants. The baclerialike bodies are not present in the 
du(*ts of all affected plants; in fact, they have not been found at all in 
about 25 p('rcent of the plants examined. Nevertheless they con¬ 
stitute one of the most r(4ial)le microscojiical diagnostic, characters of 
the disease. 

From the bc'ginning of these investigations the (pu'stion whether 
or not these bodms are bacteria has presented itsedf. All efforts to 
prove by cultural methods that th(\v are living entities have failed (7). 
wSome bacteriiflogists and pathologists who have examined the material 
have unhesitatingly ])ronoun<*ed these bodies bacteria; others equally 
(‘ompetent to judge have said that they were not bacteria. These 
bodies aie limited to the ducts of the xylem. Pathogenic bacteria 
usually, if not always, sooner or later pass out of the vessels into the 
intercellular spaces of the parenchyma. The bodies in question are 
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embedded in a gum which holds them in clumps and keof)s them 
from undergoing Brownian movement. When this gum is dissolved 
away by 50-percent chromic acid the bodies float free, showing that 
they are individuals and have a solubility slightly different from that 
of the gum. At times they appear yellow like the gum in which they 
are embedded. 

The outer portion of these bacterialike bodies differs from the 
interior as seen both in stained and unstained preparations. The 
outer portion takes the stain while the inner remains largely or entirely 
unstained. This has been interpreted by some authorities as indicat- 



Fk.ure (’ros.s st'ctum of alfalfa loot airfcti'd with dwarf snowing group plugijod in whu li soint* 

of Uu‘ walN lm\(> hoen so changed or impregnated wifh gum that Uie.\ have praeneiillv lost Wwir ulentitv 
Adjacent wood parenchyma cells lm\ e l>een affected to a limited <‘\tent x 190 

ing tho preserico of a spore (figs. 7 and 8). In certniri stages this 
outer portion takes a red color when treated with pldoroglucin and 
hydrochloric acid, just as does the gum, indicating its similarity to 
wound gum. Neither these bodies nor the gum takes on this color 
in the early hyaline stage. So far as ascertained, no bacteria give 
this reaction for wound gum. Of course, it is possible that the outen- 
portion of these bodies is impregnated with gum and so gives tlie 
characteristic gum reaction to the pliloroglucin-hydrochloric acid 
treatment. These bodies are ^ain-negative and do not take many 
of the stains that most bacteria do, but rather stain like the giiiii 
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near or surrounding them. This fact suggests that these bodies are 
of a material similar to gum but that they differ from it slightly, at 
least in their solubility in chromic acid. 

In the early stage these bodies are embedded in a hyaline material 
more or less creamy or semifluid in consistency. This was determined 
by stirring the material in a single duct under the microscope by means 
of a capillary glass needle manipulated by an apparatus similar to 
that described by Roberts (4). This material very soon hardens so 
that it can be moved about in a cell as a unit and the needle cannot 
]>enetrate it. Ijater the contents of the vessel turn yellow and give 
the wound-gum reaction as previously described. In the semifluid 



Kiouke T), ('ross srctKMi of iilfulfa loof alTerttvI with dwarf, showing some ducts completely filled and 
otheis onl> partl\ filled with gum Tor the most part the surrounding celN show* no signs of disease, 
alt hough t here a fairl> profusi* gumming just ticlow i he ernter one of the three large \ essc'lij The up|)er 
parts of the walls of (hos<‘ three cells appear to tn* unalTectecl even though considerable gum has been 
formed lower tlown. X 370 

state the contents of the ducts are more or less readily washed away 
in the staining process. A few of the bodies were sometimes found 
isolated, lying along the wall of the duct and apparently free of gum. 
These often gave the rod color when treated with phforoglucin and 
hydrochloric acid, which suggests that this reaction is due to the 
nature of the bodies tliemselves and not to the gum in which they are 
embedded. These bodies give a negative reaction for tannins, ciiitin, 
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protein, and fats and do not react to liglit as crystals do. 

Knowledj^e of their exact clieniical nature will liavc to await further 
study. 

OHJGIN OF THK GUM 

To detiTinine with certainty the source of the ^uin jdu^f^ing the 
vessels of alfalfa jdants affected witli dwarf is difhcult. In the early 
stages of the disease certain ])ortions of the walls l)ecoine impregnated 
with gum, which eventually collects along their inner margins (figs. 
\) and It)). Lat(‘r the ducts may be jairtly or comi)letely filled with 



KK.UKi:. 9 ^J aii^iTinal longitudinal s<*cHoii of alfalfa tool .showing two \(*i.sels fach with small ainouiil.s of 
gum projia ting into tho lumen from the walls In snino easo.s the gum has takm I he form of globulos and 
m otliers it lJa^ formed a tliin la>'er covering several pits Note that the gum is absent from or at least 
it> not apparent ui the paiciiclisma beneath tho uppei vessel. X 2(>0. 

gum (figs. 2, ;h r,, tind ft). The most ])rohtd>le exjdanatioii of tin* 
origin of this gum is that it is formed in the adjaeent jiarenchynia 
cells and is foired through the pits into the duets. Tlu're is some¬ 
times evidence of a slight change in the affected \essel wall or in the 
region of the middle lamellae, hut this is .so r(»strictod that it hardly 
seems probable that it servos as a source of luueh if any of the gum. 
The walls are never completely disintegrated and gum pockets are 
never formed as happens in many diseased plants. It seems more 
probable that sugars, starches, or other earboliydrates in solution in 
the coll sap in the adjacent parenchyma cells are the vsource of the gum. 
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i*'i(.URK 10 \n()thor vossi'l, from tho same sluie as the vessels in tifjiire 9, showing a long sho(‘t of gum 
along the wall 'I'he gum in the earl> stage is scimduKl so that in most cases it spreads out in a thin la\ er 
along the wall. X 300 


WATER CONTENT OF DISEASED PLANTS 

The comparative amount of water in diseased and healthy alfalfa 
plants was determined in an experiment set up on August 20, 

From a field of Chilean alfalfa, in its fourth year, diseased and landthy 
plants having about half of their blossoms open were selected. Th(» 
plants all came from the same jdace in the field, and tluuvfore should 
have been comparable in every way except for the presfuice of the 
disease in some of tliem. Five plants in a fairly late sta^e of th(' 
disf^ase and five healthy plants were dii^, wrapjied well in newsi)aper 
to prevent the loss of water, and brought to the laboratory. After the 
adhering soil had been removed from the roots with a brush and cloth 
without wetting, composite samples were made of the healthy tops, 
diseased tops, healthy roots, and diseased roots. The roots and to])s 
w(Te cut into small pieces, placed in tared wei^hinfj bottles, weighed, 
dried to constant weij^ht at lOO"^ (\, and rowei^hed. The field had 
been irrigated 2 days before the plants were du^, and the .soil was still 
(juite moist. A second experiment, conductetl on August 25, 1031, was 
an exact duplicate of the first exce})t that the tops had been cut in tlu^ 
meantime and the stems were only 3 to 4 inches tall and consequently 
were young and succulent. The soil was damp, as the field had been 
irrigated the preceding day. Only the new stems and leaves and about 
a foot of the taproots were used. This was true for both experiments. 

On September 1, 1931, six diseased plants and six healthy plants 
from the same field were treated in the same manner as in the two 
preceding exyjeriments except that the plants were held with their 
taproot's in water for 24 hours before being prepared for the dry- 
weight determinations. The tops were turgid at all times. Jn this 
experiment the yellow crown tissue was jdaced with the roots, and all 
green tissue w^as included with the tops. The affected plants w^ere in 
various stagf^s of disease*, but in all cases the disease had advanced 
sufficiently to cause more or less dwarfing of the tops. The healthy 
tops were about 1 foot to 15 inches tall. This experiment w^as dupli¬ 
cated on September 10 and again on September 16, 1031. Of course, 
the stage of top growth was not the same in any of these tests. On 
Septembe.r 1 the tops were perhaps not more than half growm, while 
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on Soptoinbor 10 th(\v wore in \vliat is iisnally classed as the bud 
sla^e, allbon^b tlien* was an oeeasional partly open blossom. 

The percentage of water in the roots and tops in these experiments 
is jz:iven in table 1. Tliese data show^ that on each date the water 
content of the healtliy tops was slij>:hlly higher than that of the dis¬ 
eased to])s, while the reverse was true for the roots. The greatest 
difference between the moisture content of the diseased and healthy 
tops was on Aug:ust 20, wlien the top g:rowth was yoiiiig and succulent. 
The g^reatest diffenuicc* betwe^en the water content of the diseased and 
healthy roots was in the .Vug:ust collections. \o explanation for 
this can b(' offered, unless it is the fact that tbe roots of the September 
samf>les stood in water before they wen* ])repared for drying:. The 
diffenuice Ixdween the a\erag:(' percentagee of water in the diseased and 
luadthy tops an<l roots for all experiments is quite small and probably 
is not sig:niii(*ant. Nevertheless, the tops of the healthy plants wwe 
considerably largrer than those of the diseascul, and it may be that tlie 
larg:er lops withdrew slig:htly inor<' water from the roots during: the 
period wliitdi of n(‘(*(‘ssity (*la[)sed Ih^wcmui the nunoval of the plants 
from the soil or wat(‘r and the <letermination of the wet W'eig:ht. Per¬ 
haps the slig:htly lower water content of the diseased tops was due to 
a partial wat(‘r dcdieil 'Phat such a deti<*it does exist at times is sug- 
g:(*sted by tin* fa(‘t that disesased plant^^ often wilt even when g:rowing 
in w(‘t soil 

'tvuM: I Aruo(j(' )/(rc< of nofrr lo hfo^lhu otol fhrnrfrd alfalfa tops aarl rnols 

on ilijhunt in in.U 
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TKANSPIKATION 

A study was also made of the rate at which dwarfed and healthy 
plants transpire. Twehe 4-year-old (diilea?i alfalfa plants, six 
dwarfed and six healthy, which had received the same treatment 
throug:hout, were used for t'ach ex])eriment. The plants were col¬ 
lected at about the same time in the morning: (S a. in.), wra])ped well 
in newspnj)er, and taken to the laboratory, where the roots were 
fdaced at oik'c in water. As much of the tajiroot as could be pulled 
conveniently, usually about S to 12 iiudies, was left on each plant. 
The leng:th of the tops varied in the different experiments. The 
healthy tops rang:ed in heig:ht from lo to 10, 14 to 18, and 20 to 31 
indies in the ex|)eriments conducted on September 1, 10, and 10, 
1931, respectively. The tops were of difl’erent ag:es and different 
stag:es of maturity, since' they were all cut on Aug:ust 24. The healthy 

014.*? :\7-- -2 
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plants had reached the bud staj^e by September 16, when the last 
experiment was conducted. As soon as possible after the plants were 
brought to the laboratory the taproots and crowns were washed free 
of adhering soil, and after the lower end of the taproots had been 
cut off, taproots and crowns were placed at once in lOO-cc graduated 
cylinders filled with tap water. Sufficient water was added to or 
withdrawn from the graduates to bring the water level to the 100-cc 
line. The graduates were placed on a table in two rows, so arranged 
that the to|)s of the plants did not touch and no two diseased or healthy 
plants wen^ adjacent. In this way it was ho()ed to have the diseased 
and the healthy ])lants subjected to the same average coiulitions. 
The room temperature rangcnl from about 22° to 30° C\ during the 
experiment, and there was some air cinudation from open windows, 
hut no wind was blowing directly upon the plants. The space between 
the roots and the mouth of the graduate was left open, since, pre¬ 
liminary trials showed that not enough water evaporated from the 
surface in 7 hours to vitiate the results. 

After the graduates had been filled as described, a measured amount 
of water was added each hour to briiig the level back to the lOO-cc 
mark. In this manner the total amount of wat(U' transpir<»(l by each 
plant in 7 hours w as determined. The averages of these values, each 
representing the average for six ])lants, for the three experinumts are 
giv'en in table 2. Considerable variation was shown in the. amount of 
water transpired both by the differeiit plants and from hour to hour 
by the same plants. As might be expected, tlu' greatest water loss 
occurred during the warmest part of the day. 


Table 2 .—("oniparatiue rate of tninspuatjon hi/ diraf/cd and health if alfalfa plards' 
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> () dwarfed and H healthy jiJants ^^ere used in each of the 3 e\i)erimenls 


The data presented in table 2 show^ that the healthy plants tran¬ 
spired more rapidly than the diseased plants in all experiments. The 
tops, however, varied considerably in siz('; hence, to get the compari¬ 
son on a more uniform basis, the volume of tops as well as their dry 
weight was determined. The volume of the tops was first obtained 
by the water-displacement method, after which they were dried to 
constant weight in an oven at 100° 0. When the volume of tops is 
used as the criterion, a com])arison of the rate of transpiration in the 
three experiments shows that the healthy tops transpired 0.80, 0.78, 
and 0.67 cc, and the diseased tops 0.42, 0.47, and 0.50 cc per cubic 
centimeter of tops, respectively. The corresponding values, obtained 
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by using the gnnns of dry weight as a basis of eoinparison, are 6.27, 
7.00, and 4.2S ce for the healthy plants and ,S.S4, 4.02, and 3.18 ee, 
for the diseased plants, respectively. When the ratio of diseased to 
healthy plants was calculated, the values in the last column were 
obtained. These values show a fairly close agn^ement Ixdween the 
results obtained by the two methods. ]n general, they indicate that 
the diseased plants transpired on an average only 'A to 73 jiercent 
as fast as the healtiiy plants, or, expr(‘ssed iii another way, the healthy 
plants on a volume basis transpired on an av(‘rage, about 1 .(’> times as 
fast p(U* unit of top tissue, as did the <lisease<l ])lants. 

KATE OF WATER FLOW TllKOlKHI DISEASED HOOTS 

After it had been detei niined that alfalfa plants affected with dwaj f 
transpire much more slowly than do healthy plants, tin* rate' at which 
water could |)ass through diseased roots was studied. It is known that 
the tops of diseased ])lants sometimes wilt during the w arm part of the 
day even wdien the soil is wet. This indie ates that the to])s caTinot 
obtain wateu* rapidly enough to offset that lost by transpiration. 
Likewise, it has beeui show'ii by microscopical examination that many 
of the vc'ssels of affected plants are ])lugged with gum. That the 
slowing (low'll of th(‘ rate of transpiration and the plugging of th(' v('ss(‘ls 
were sonmwhat interndated schemed probable. 

The rate at whi(*h tlu' water (*an pass through 4-in(di si'gmeiits of 
the taproots of diseas('d and lu'althy plants was d(*t('rmined by a 
method similar to that described by Melhus, Muiuuc', and llo (S). 
\Vat('r was pulled through sc'gimmts of the roots of 4-y(*ar-ol(l alfalfa 
plants und(T a constant .suction jiressure. The diseased and healthy 
})lants WTre obtained from the same place in tlu' field, were collected 
at the saim* time, and were held undc'r comparabh*' onditions through¬ 
out. 
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1 seRincnt was lakon from a dilToreiu plant. 

The plants required for the days testing wert' brought to the 
laboratory in the morning and kept in water until used. For tlie 
most part, a diseased and then a healthy plant was studied in order to 
mininiize any error that might be due to a change in the plants <»n 
standing in water. The segment of root used was taken just below' 
the crown. The diameter of the smaller end w as used as a basis of 
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comparison, since it was assumed that the maximum amount of water 
that could pass through the root was limited to the amount that could 
enter the small end. The number of cubic (‘entimeters of water that 
passc'd through the 25 segments of the diseased and the healthy roots 
in 10 minutes was determined, and the values are recorded in table .‘h 
The data in this table show considerable variation in the amount of 
w^ater that ])assed through roots of diflereiit diameters. Individual 
h(»althy roots of the same diameter seemed to vary considerably in this 
n'speci. IVrhaps this is to be expected of roots of this age and 
(*hara.(d(‘r. Sehlom do any two plants have (U'owns or tops of the 
same size, or indeed taproots of the same length. Taproots litewdse 
vary greatly in diameter even in a distan(‘e as short as 4 inclu's. 

This experiimuit , however, had only one obj(‘ct, namely, to comj)are 
diseased and healthy |)lants, and it was thought that if any a|)preciable 
difference exisl(*d it would be brought out by a study of 25 |)lants of 
each group. This proved to be the case, as table shows. Although 
the differences were sometimes slight, as in tlu* case of the roots 7 mm 
in diameter, for the most j)art they wore ratluu* striking. In the cas(‘ 
of roots 9 mm in diameter, the healthy roots conducted mor(‘ water 
than the diseased except for on(» diseased root, which conducted watiu* 
more frecdy than any of the healthy roots and w as res|)onsibl(‘ for the 
slightly liiglnu* av(‘rag(‘ for the diseased roots. That the passage of 
woter through the dis(‘ased plants should \ary greatly in rate is to l)e 
expected, not only in view' of the variation found in its ])assagc through 
the h(‘althy ])lants but also because of the differen(‘e in iho stagt* of 
disease and conse(jU(‘ntly in the numlxT of ducts j)lugged with gum. 
Jt w'as impracticable to use roots entirely com|)arable in every way, 
owung to the diHHulty of obtaining them and to th(‘ impossiliility of 
telling by macroscopic examination the exact amount of plugging in 
the diseased j*oot. The av(»rage amount of water ])ulled through the 
healthy and diseased roots was 40.t) cc and 25 cc, r(‘sp(‘ctively. This 
means that on an aAeragi' wat(‘r passed through the healthy root 
segments 1.0 times as fast as through the diseased roots. Tlu' fact 
that the healthy ])Iants trans])ired ap})roximat(‘ly l.ti times as fast 
as did the diseased plants and permitted the passage of watcu- 1.0 
times as fast as the lattiu’ suggests that there is a close corn'lation 
betw^een these two factors, 'liie data presented in this ])a])(*r seiun 
to indicate that the ina])ility of the affected alfalfa roots to conduct 
w'ater may have much to do wdth the dwarfing of the tojis and the 
ultimate death of the jilant. 

HYDROGEN-ION CONCENTRATION AND TOTAL ACIDITY OF 
HEALTHY AND DISEASED PLANTS 

It is a well-known fact that ])lants contain various acids which are 
more or less highly ionized. The formation of these acids appears to 
be closely associated with the vital activities of the iilant. Anything 
that alters ajijireciably the normal processes of a plant may effect 
a corres|)onding change in the acidity of its sap. Hurd {£) found 
Uiat the exjiressed juic(» of corn plants varied greatly in both hydrogen- 
ion concentration and titratable acidity, these being influenced larg(4y 
by environmental factors which affected the vegetative vigor of the 
plants, A number of investigators have showui that the hydrogen-ion 
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concentration of tbe sap of plants can be cbanged by applying certain 
le.rtilizers to tbe soil in vviiicb they are growing. 

Since tbe rate of growth and transpiration of tbe alfalfa jilant are 
affected by tbe dwarf disease, it seemed (piite jiossible that its acidity 
also would be affected. To test tbe validity of tbis assumption, tbe 
bydrogen-ion concentration and total acidity of bealtby and diseased 
alfalfa, plants were determined. Four-year-old alfalfa plants of tbe 
Cbilean variety, wbicb bad been given comparable treatment tbrougb- 
out, were used. Tbe diseased and bealtb> plants came from the saiiK* 
area in tbe field; those foi* each exjieriment were collected at tbe same 
time and were given tbe same* treatment. 

Tbe tops of diseased })lants, altbougb of tbe same age, were not so 
far advanced as tliose of tbe bealtby plants. In tbe first two experi¬ 
ments tbe to|)s of tbe latter bad made a vigorous growth and were in 
tb(‘ early bud stage, while those of tbe fornuu* were somewhat less 
advaii(*ed, tbe stag(‘ of advancement depending upon tbe stage of 
tbe dis(‘as(‘. Tbe method of determining tbe total acidity was largely 
that descril)ed by Haas (/). Twcuity-five cubic c(Mitim<ders of juice 
from diseased and ‘Jo cc from bealtby plants were obtained by 
grinding tlu‘ tissue in a itieat grinder and then j)ressing tbe juice out 
through ch(‘es(M‘loth Th(‘ samples of juice wove kept in a refrigerator 
until ready for use. Hu* pH values w(‘re first determined with tbe 
(juinliN drone electrode and tluu^ .\ J(t NaOH (1 c(* at first and 2 cc later) 
was add(‘d until a value above S.J, tbe turning point for ])benol- 
pbtliah'in, wasnaicbed. Tbe pH \ alucs calculated from tbe successive 
j)ot(‘ntial differences tlms obtained wt‘re ])lott(‘d against the volume 
of NaOIl napiired to ])roduce them From tbes(' curves tbe volume 
of alkali r(‘(]uir(‘d to bring tbe reaction to ])H S.J was determimal and 
lak(‘n to r{‘|)r(‘S(*nt the tit ratable acidity of tb(* sample. 

Th(‘ n‘sidts thus obtaiiu'd are |)r<‘sented in table 4. It is evident 
from tbe \alu(‘s shown that in the first two e\])eriments the ])H, as 
w('ll as the titratable acidity, of the healthy toj)s checked closely. 
This was also triu' for the diseasial tops and roots. The chief dis- 
agn'ement was in the titratable acidity of tht‘ healthy rot»ts in the 
second experiment. Since tie* secoml exjieriment was conducted on 
th(' day following the first, the plants were a])pro\imat(4y tbe same age. 
Tb(‘ last exjauiinent, howe\('r, was perfornual 12 days after tbe second, 
and tb(‘ tops, w hich bad been cut on Octolxu’ 4, were (piite a oung. 
4'bese youngiu* tops, in tbe case of both tbe bealtby and tbe discaised, 
bad a higher ])li value and a lower titratable acidity than tb(‘ corre¬ 
sponding older OIK'S us(‘d in tbe first two experiments. Tbe pH 
values of tbe h(*altby and tbe diseasc'd roots difb'red little from those 
in tbe other experiments. Tbe titratable acidity of tbe disc'ased 
roots differed considerably, that in tbe third e\[)erinient reipiiring 
nearly 10 cc more alkali than did those in tbe two previous experi¬ 
ments. Tt is difficult to evaluate tbe Jo.:! cc of XaOII used for tlie 
bealtby roots. vSince it agnM's so closely with tbe comparable figure 
for tbe second experiment, it seems probable that tbe 22.S cc in tbe 
first experiment is tbe variable one and that there was no appreciable 
change in tlie b(*altby roots because of tlie mnv grow tb. A com])arison 
of tbe healthy and diseased tops shows that tbe former bad slightly 
higher pH values than the latter. The differences are so small, how¬ 
ever, that they probably are not significant. On tbe other band, tbe 
diseased tops in each experiment bad a higher titratable acidity than 
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the healthy tops, although that for the third experiiiieiit was itlcntic-al 
with that for the healthy tops in the first experiment. There was 
ahuost no differeiieo between the pJl values of the healthy and dis¬ 
eased roots, hut the healthy roots had a higher titratable acidity in 
the first two exixuiments. 


Tajile 4. The p][ and titratable acidity' of healthy and diseased alfalfa tops and 

roots, J9.it 
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In general, it may be concliuled that the diseased tops had a slightly 
higher hydrogen-ion coneentration and a liigher titratable acidity than 
di(i the healthy tops, that there was practically no did’erence in the 
pH values of tiie roots, and that tlie diseased roots had a lower titrat- 
tible acidity than the healthy ones except in the last experiimuit wlnu-e 
the reverse was true. It is also shown that the increased vegetative 
vigor of the tops in the third ex])eriinent resulted in decreased acudity, 
the greatest difTerence being in the healthy to])s, which were growing 
most vigorously. Since the disease is most ('vident in the roots, at 
least in the earlier stages, and the pH value of the diseased and healthy 
roots is almost identical, it seems evident that the disease does not 
atfect the pH value of the ])lant, the slight ditference in the pH value 
of the tops being attributed to the difference in the stage of their 
development, that is, the less vigorous growth of the diseased tops is 
rellected in the lower pH. Whetlier the slight variation in the titrat- 
ablc acidity of the diseased and healthy roots was due to a differenc(' 
in vigor or whether it signified tlie presence of a diseased condition is 
not known. Since such a great variation existed in the titratable 
acidity of the diseased roots betw'ecn the first two experiments and 
the last, seemingly owing to a change in the stage of growth of the 
to])s, it a])])ears probable that the condition of growtli also was 
responsiblf' for the smaller differences between the diseased and healthy 
roots. 


ASH CONTENT OF HEALTHY AND DISEASED PLANTS 

On July 10, 1931, healthy and diseased alfalfa plants were taken 
from the same place in a 4-year-old stand, the tops wnre removed, 
washed in distilled water, and wiped dry. The roots wnre washed in 
tap water and distilled water. After being cleaned, the tops and roots 
were divided into two samples, placed in paper bags, and dried in an 
oven at 75"^ C. The dried samples were then ground fine and ashed, 
and the ash was calculated as percentage of dry matter. A second 
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set of samples was obtained on July 24, 1931, and treated in the same 
manner, making four samples for each date. The data obtained 
(table 5) show that the ash content of both the healthy tops and roots 
is considerably lower than that of the diseased. In fact, the healthy 
tops and roots had an average of only 88 and 67 ])ercent as much ash 
as the diseased tojjs and roots, respectively. 


Table o. Ash content of healthy and diseased alfalfa tops and rootSf 19S1 ^ 


Ash (‘oiitent* of - 


DaU* of eolltictiou j Toi)s Kootb 


lloaltlij 1 Diseased | Healthy | Diseased 


10 

Jul\ 24 


Percent Per cm f 

10 10 II 13 

7 73 0 10 


PtTceni 
4 27 
3 43 


Percent 
5. h6 
5. 65 


‘ The writer is iiuiehted t(t Dr V It (' llau'', of the ('aliforiua A^rncultiiral Kxpeniiient Station for 
these determinations 
^ Kvpressed a^ pereentaiie of dr.\ matter. 


STARCHES AND SUGARS 

The dillVreiices in the rale of transjiiratioii and in ash between 
diseas(Ml and healthy ])lants show that there is an ujiset in the normal 
pliysiology of the alfalfa plaiils alfected with dwarf. Further evidence 
of this is supplied by a study of the carbohydrate relations of the dis¬ 
eased ])lants. Although an analytical study was not made, a few 
oliservations, especially on the starch content of the affected roots, 
show clearly that a marked change in the carbohydrate content of the 
roots takes ])lace as the di.sease ])rogress(‘s. Many diseased and 
healthy loots have* b(*en sectioned, stained with iodine, and examined. 
Thtvse studies show that in the early stages of the disease the affected 
roots are gorged with starch just as are the healthy roots. As the 
disease jirogresses the starch becomes less abundant, and by the time 
the dis<‘ase is well advanced there is little or no starch left. The only 
observation made on the sugars of the diseased root is that some reduc¬ 
ing sugar is ])resent in roots from which the starch has entirely dis¬ 
appeared. 

SUMMARY 

Alfalfa roots affected with dwarf have more or less yellow color in 
the w^ood, owing largely to the ])resence of gum in the vessels. In the 
lat(‘ stages of tlie disease then' also is present a yellow^ stain, which 
diffuses into tlie surrounding tissues. The gum, which is similar in 
character to wound gum, is limited almost entirely to the vessels in 
the outer xylem, the other tissues being largely unaffected. In the 
early stages of the disease the gum is limited to a few vessels in one or 
more bundles in the upper part of the taproot or crow n, but before the 
plant is killed the whole root system is involved. Gum is found in the 
green stems, if at all, only in the basal 1 or 2 inches. Some of the gum 
evidently is forced from adjacent cells into the ducts, where it appears 
in the fonn of globules or thin sheets along the inner surface of the 
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walls. Eventually many of tlie ducts become completely filled with 
gum and are rendered functionless. 

Many bacterialike Ixidies are present in some of tlie vessels. Micro- 
chemical tests indicate tliat ihoy are cliemi(*ally very similar to the 
gum in which they an^ embedded and unlike bachuia in several 
respects. 

The water content of the to])s of healthy iilants was slightly higher 
than tha.t of diseased tops; the reverse was true of lh(‘ roots. Whether 
this dilference is suiriciently great to be significant is (juestionable. 

Healthy alfalfa jilants trans[)ired about l.() times as fast as did 
diseased plants. 

Water could be pulled through segments of healthy roots about l.ti 
times as fast as through diseased roots of appi’oximately (npial di¬ 
ameter, in(li(‘ating a close correlation Ix^tween transpiration and the 
rate at which \\ater could i)a.ss tlirough the root segments. 

The diseased tops had a slightly higher hydrogen-ion concentration 
and a higher titratalile achlity than did th(' healthy tops, there was no 
differeiU'e in the i)IT value of the roots, and the diseased roots had a 
lower titratable acidity than the healthy roots e\c(‘|)t in one experi¬ 
ment. It seems probal)h‘ that the diller(‘nc(‘s in acidity between the 
healthy and diseas(‘d i)lants \\(M-e dm* to a dilfen'iua* in growth. 

Roots and tops atrect(*d with dwarf had a higher ash content than 
did healthy plants grown und(*r similar conditions. 

Qualitative tests showed that tin* standi in diseased roots gradually 
diminishes and that it disa])p(*ar.s altogether just Ix'fore tin* plant dies. 
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INHERITANCE OF RESISTANCE TO PYTHIIJM ROOT ROT 

IN SORGHUM* 


D. II. Bowman, foriricrly graduate research assistayit, Kansas Statt dollege of 
Agriculture and Applied Science; J. II. Mautix, senn^r agrountnist, Division 
of Cereal Crops and Diseases, Bureau of Plant Industry: L K. Mklchers, ]daut 
pathologist, Kansas Agncultuial Experiment Station; iiiid John H. P^rkkh, 
agronomist, Kansas Agricultural Experiment Station and Division of Cereal 
Crops and, Diseases, Bureau of Plant Jndustrg, Cnited Stall s De/iai tmeni of 
Agricult arc 

INTRODUCTION 

A (l('stnictiv'e root rot disease that attacks niilo, a grain sorghum 
{Siirghinn rnUjate IVrs.), was ot)sorve(l in 1920 on tin* (larden City 
Substation of the Kansas Agricultural K.xporiincnt Station at (lardcn 
City, Kans.“ It was dctcrinined about o years later that tlie disease 
is caused by a pathogenic, soil-borne orgaiiism.'*^ Recently this 
organism was identifi(‘d as I^yfhiutn arrhemimanes Drechs.* The roots 
of diseased i)lants are decayed and discolored, and lh(‘se symploms 
usually spread to the crown and stalk. In the li(‘ld the afl’e(‘te(l plants 
g(Uierally di(‘. and dry up b(‘fore heads can b(‘ formed, and in the green¬ 
house th(‘V usually are killed before tlu'v are S or 10 inches tall (fig. 

Milo <*annot be j)roduced on badly infested soil. Since 1927 this 
so-called milo dis(‘ase has laaui observed on milo in Te.xas, New Mexico, 
Oklahoma, and California, as \\ell as in Kansas at localities other than 
those mention(‘d henun. ()n(‘(* the disease beionu's established, it 
often spnaids ra[)idly throughout a ru‘ld. It usually occurs where 
milo is gr(»wn continuously or in alternate y(‘ars. 

Tlu‘ i)ythium root rot of M)rghums has Ixaui found only on milo 
ami darso and on hybrids iiuolving one or both of tlu^se types. 
Selections of resistant strains of milo and its hybrids are .showing 
marked ri'sistance in tlu‘ tield and greenhous(‘.‘*'The distinct host 
naictions shown in held and greenhouse^ tests for n^sistance to ])ythium 
root rt)t ajipeared to justify studies of the inheritance* eif resistance to 
the* di.sexise, the re»sults of w hich are* reporte*el he*re. The data presente‘d 
incluele twe) indepenele*nt se*ts of giwnhouse exjieriments begun e*e)n- 
curre*ntly at Manhattan, Kans., and at Arlingtein Kxperim(*nt Farm, 
Arlington, Va. (ne'ar Washingtem, 1) C.), te)gether with sup])lementaiy 
re*sults obtained in the* he*hl at Ciarehm City, Kans. 

’ for iniUlu'iiUon !">. \utruM l‘07 \ lonil oonOiUunon f!\»m th<* OrinrlnuMits 

of holniiN ,'111(1 Vi-’rononiN, Kiinsit', A^uculfnr;il K\i>oriiiHMii SUifioii jiikI lh»‘ of (\‘ic:i! Oop.s atui 

I Huii'iin of CImiU hidiistij. I . ''' I)t*pjirnm'nt of ('tinmlMition no fioni 

OeparlrniMit of Holiin> and no fiorn t)u‘l)<*pf»rinu'nl of V;!roiu*in\. K.insis Kvivonnient 

Miition '‘I'lu-results of tin* studle.', in Kansas wm* .submitted h\ 'he senior aiillior as i thesis m paitialful- 
nilnient of the n*(|uirenienls for the deuree of Master of Science at the K.uisas sitate College of Viinculture 
and .\pplied Science in 
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Fjra HK 1 - Hoaction to Iho imlo of ^orfilmiti now n in aifc'-ltMl soil m tlu* n«‘t*iilioiJM' uf 'Nranhult'in, 

Runs . I,''I'hree pnrpijf \Mrietie.s. Dwarf > ellow imlo, 6, Dwarf Vollow inilo i''UsoeplihU‘), 

c, f’Jiib kafir fresLslaiit) n. Fa populatuai of the cni.s>. Ho.M.sfant Dw'aif Vollow nnlo X Dwarf ^"ollow 
inilo (siiscooiiblo) ^J'be tall, bealtbj ])l:ints me ^e^i''tant s«‘>irec:ates, the ‘^bort, (Jead plants are susceptible 
to Pythtinn, 

MATKRIAL AND METHODS 


Soro:luun variotips \vt‘ro clioseii for rrossiii^ on tiic basis of their 
reaction in nursery tests at (larden City, Kans., on infested soil. A 
comparison of r(*sistant and sus(a^])tible varieties is sliown in figure 

The susceptible varielii*s involv(»d in th(‘ 12 (*rosses studied were 
-Dwarf Yellow milo (C. IJ 332), Day inilo (C. 1. 950) (dwarf early 

' C. I refers to accession imniber of the Division of ("ereal Crops anil Diseases, formerly Ofllce of Cereal 
lovisti gat ions. 
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typo), Beaver (C\ I. 871), Custer (C. 1. 919), kafir X milo (No. 27-817, 
C. I. 968), and Early kalo (C. 1. 1009). The last four were all derived 
from kafir X niilo hybrids. The resistant varieties included Club 
kafir (C. I. 901), Western Bhickhull kafir ((\ 1. 906), White kaoliang 
(C. I. 792), Black Amber sorgo (F. C.*^ 7088), and Resistant Dwarf 
Yellow^ milo. The last-namecl variety was developed by F. A. Wagner 
from a single Dwarf Y(dlow milo plant that survived the disease in a 
severely infested plot at Carden (^ity. 

The crosses tested at Manhattan were made in the greenhouse by 
C. A. Wismer in the winter of 1982-83 and by D. H. Bowman and 
A. E. Lowe in the winter of 1988 84. The Fi jdants were grown on 
noninfested soil in the nursery at Manhattan in 1938 or 1934. The 
five crosses tested at Arlington Farm were made by *John H. Martin. 
The F| plants were grown in noninfested soil in the greenhouse. 

The infested soil for greenhouse experiments, which was supplied 
by F A. Wagner, su[)erintendent of the Carden City Substation, 
was taken from portions of the field in which the milo disease ex])eri“ 
ments had been c()nducte<l for several years, and was known to be 
infested. Flats vere filled with the soil to a depth of about 2)^ 
inches. Seed of the sorghum hybrids and the panuital varieties was 
planted in rows across the flats, 8 rows to the flat at Manhattan, Kans., 
and 10 rows at Arlington Farm. In most of the experiments at 
Manhattan and in all at Arlington Farm the i)arental varieties and 
th(' hybrids involving them w^ere planted in the same Hat. With a 
few' e\ce])lions tin' parental varieti(‘s occuipied the two outside rows 
of each flat. At Manhattan, three plantings were made during the 
winter of 1988 84 of seed from Fj plants grown in the nursery in 
1983. Each flat was tlius rejdanted twice after final notes had been 
taken on the susceptibility of the ju’evious crop and the plants had 
been nunoved. liemnant seed from the greenhouse experiment of 
1983 84 vs as jdanted by F. A. Wagner on diseased soil at Carden City 
to supply additional data, under field conditions, on the inheritance 
of resistance in the F^ generation. 

In November 1984, seed was planted in the greenhouse from the Fi 
plants grown in the nursery at Manhattan that season, from the 
additional crosses made during the previous winter. After notes on 
resistance had be(*n taken the flats were replanted twice with seed 
from F 2 plants of the same crosses that had been tested in the green¬ 
house (luring the winter of 1988 84, The F 2 material for this third- 
generation study, however, had been grown on clean land in the 
nunsery at Manhattan in 1984. Because of drought, chinch bugs, 
and killing frosts before maturity, seed from both F, and F 2 plants 
grown in the nursery at Manhattan in 1934 was decidedly limited 
and of low v lability. 

Three s\iccessive ])lantings also were made in the greenhouse at 
Arlington Farm from December 1988 to April 1984. By thus replant¬ 
ing the flats, greenhouse space could be used very efliciently for testing 
sorghums for resistance to pythium root rot. 

At Manhattan, the sc'ed was treat'd either with copper carbonate 
or Seinesan Jr. to control secnl rots before planting in the flats. The 
latter dust fungicide appeared to be preferable. These seed treat- 

» F. C refers lo aecessioii nuiiiher of the Oivision of Forage Crops mui Di.seuses 

''Since the subinittiU of this iimuuscnpt for pubhcatioD the nume of this vanetj has been changed 
to “Fmnej.” 
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merits did not seem to affect the development of pythiiim root rot 
in these tests or in previous experiments by others. The seed at 
Arlington Farm was not treated before planting, and j)oor stands 
resulted from seed rotting and from a seedling blight caused by a 



Figure 2 —Plants from the Fj population of the cross Hesislant Dwarf Yellow niilo X Dwarf Yellow inilo 
(susceptible), frrowri m infested soil in the greenhouse at Manhatlan. .1, Itesistant (20 plants), Ji, mtei- 
mediate (l.'j plants), and C, su.sceptihle (ft() iilunts;. 


species of PenkiUlum. Susceptibility to Pythium and to Poikillluin 
showed no association. 

Symptoms of pythium root rot appeared about a month after 
})lanting and developed rapidly,so that final notes could be taken 2 to 
4 weeks later. The first indication of infection in the seedling stage 
was the limp, ashy-gray, or seemingly scalded condition of the leaves. 


Mkichees, L. E., and Parker, J. IT. control milo diseask. Cappers Farmer 45: 27. 1934. 
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A few (lays lat('r an oranj^e tinge could be detected around the outer 
margin of the leaf. This color advanced over the entire plant and 
gradually changed to brown as tlie leaves dried. The youngest leaf 
was the last to disedor and die. Finally, the dead plants became light 
brown and remained uj)right for some time, not falling over as do 
plants attacked by some of the common molds. 

The greenhouse temperature in the period from usually 

varied betw(HMi and 85° F. at Manhattan and between 70° and 
80° at Arlington Farm. Duplicate plantings of nine grain sorghum 
varieties at two gr(‘enhouse temperature ranges, (>5° to 70° ami 75° 
to 80°, w(‘r(‘ made at Manhattan in 1934-85. This 10-degree differ- 
(*nc(* in average^ t(Muperature did not affect the expression of disease 
naiction in the varieties. Similar conclusions have been reported by 
others." 

Th(‘ methods of recording the data, were somewhat different in the 
two sets of (‘xperinuuits, although at both stations final counts of 
ri'sistant and susceptible plants usually W(U*e made when all plants of 
the suse(‘])tibl(‘ ])arent had died. At Manhattan, the plants were 
divided into thn^e classes: (1) Dead (susceptible), (2) apparently 
diseased but not. dcMid (interim'diate), and (3) healthy (resistant) 
(tig 2). Plants in class 1 could be determined easily by observation, 
but surviving plants v\('r(‘ examined for gent'ral thriftiness, dead roots, 
and r(Ml discoloration in th<‘ central cylinder of infected roots. Plants 
showing lack of thriftiness and dead or discolored roots were classed 
as suse(‘piibh*. Questionable jdants w(‘re further examimHl by split¬ 
ting th(* crowns. 'Fhe pn^sence of a d(‘ep reddish browui in the crowui 
or in th(‘ suberown internoch* was considered an indication that infec¬ 
tion had taken |)lace, as this (‘ondition was not found in healthy 
plants Diseased plants W(*re indicated also by a yellowing of the 
](»av('s. Ko(»ts arising from a disc'olored jiortion of the (^rown were 
almost always dead or dying and discolored, but any roots arising 
above tluMliseolored ])ortion of the crown ofttm permitted the plants 
t<» survive until all of the roots became diseased. The red discolora¬ 
tion first appeared in the central cylinder of the root and spread 
later to tin* entire root. The dead and intermediate plants w^re all 
r('gard(*d as susceptible and are classed together in the tables that 
follow. Some of the roots of resistant plants shovveal a pinkish color, 
but the n'st of the plant appt^ared lunilthy. 

GENKTIC RESULTS 

THE Fi GENERATION 

One (‘ross, Ueaver milo"^ Rc'sistant Dwarf Yellow^ milo, was tested 
for ri^sistance in tin' Fj generation at Arlington Farm. Only three 
plants emergc'd from tlie If) seeds planted on November 11, 1933. 
Th('S('. plants at first showed considerable resistance to Pyth'nim in 
comparison with the susceptible Beaver parent and were still alive 
on Deeemlnu* 25, w lien six of the eight Beaver plants were dead. By 
danuary 22, 1934, however, when the remaining Beaver plants were 
dead, the hybrid plants also had died. At that time the 12 plants 
of the R('sistant Dw arf Yellow^ milo were still healthy. This indicated 
that resistance in the F, generation was intenm^diate between the 
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parents, with a tendency toward a dominance of susceptibility. 
During the period of early growth it seemed that the Fi hybrids more 
nearly approached the behavior of the resistant parent, but this 
apparent reaction did not continue. 

THE F> OENEHATION 
UksI'I/I’S at ArAMf\TT\N, KWS. 

The segregations for disease resistance in the F 2 hybrids grown at 
Manhattan in the seasons M and 11)34 35 are sliown in table J. 

Tlie numbers of plants listed for 1933-34 are tin' totals for the three 
[dantings that year. The cross ClubxHesistant Dwarf Yellow inilo 
produced all resistant plants, as might be expected from the resistance 
of both ])arents. Eight plants in a total of 392 of the Resistant 
Dwarf Yellow inilo w(M‘e classed as susceptible, but the causes of the 
apparent disease attack were not determined. 

Table 1,- Svgivgation fo) resistanre to in, the F, gt'neration of sorghum 

crosses in the gieenhouse at Manhatiaiij Kans.^ and at the Arlington Expei iment 
Farniy Arhngton, Va.y and tn the nursery at (rarden t'////, Fans. 
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The Club kaiir y Dwarf Yellow inilo cross segregated a(‘C()rding to 
a monohybrid ratio within the limits of random error. The cross 
Dwarf Yellow milo X Resistant Dwarf Yellow milo and the recip¬ 
rocal of this cross (fig. 1, B) deviated somewhat, from the 3 : 1 ratio, 
owing to an excess of resistant plants. The cross and recij)rocal were 
each grown in three plantings, and in four of the six tests the observed 
number of resistant plants exceeded the calcnlatcMl number. Although 
in five of the six tests the deviation from a (‘alciilated 3 : 1 ratio lay 
within three times the probalde error, when the data are combined, 
as in tabh^ 1, tin' deviation becomes statistically significant. 

At Manhattan in 1934-35 the cross K(‘sistant Dwarf Yellow milo X 
(kafir y milo, No. 27 317) produ(‘ed only six susceptible plants, 
although the latter ])arental variety was fully susceptible. The most 
plausible exjdanation of this is the ])robable difbu’ence in disease 
reaction between the kafir V' milo plant used as the parent in the 
cross and the bulk \ari(»ty that was tested for disease resistance. 
In the crosses Resistant Dwarf Yellow' milo / Custer and Resistant 
Dwarf Yellow milo ^ Beaver, the number of resistant plants ex¬ 
ceeded the calculated number by somewhat more than three times 
the probable (UTor. .Xdditional material, supposedly of the cross 
Resistant Dwarf milo Custer, proved to be almost entirely resist¬ 
ant. This may hav(' becMi due to an error in making the hybrids or 
to the use of a resistant ])lant from the susceptible Cu>ter variety as 
a ])arent. 

ScimI of the cross Resistant Dwarf Yellow milo Karly kalo 
(suscepti})l(0 was |)lante(l at Manhattan in 1934-35, but because^ of 
p(u>r s(‘(m 1 only six jdants emerged, and the data are not showm. 

HfST'LTS \'r (J\Rl)F.N (^ITY, K \xs. 

The (lata obtaim'd from two crosses grown in the generation in 
the (Tarden City disease' nursery in 1934 an' showm in table 1. The 
reactions noted wore based upon an external examination of the 
plants in the field on October 1, 1934. In both (U’osses the ch'viation 
from a 3 : 1 ratio only slightly exceeded the probable error. These' 
re'sults, together with those ohtaine'd from the same crosse'.s in the 
greenhouse at Manhattan in 1933 34, stremgly sugge'st a single major 
genetie* factor diflVrence for the inheritam'e of resistance te> Pyth'unn. 

The cross Club • Resistant Dwarf Yedlow' milo and its ivciprocal 
also w’ere grown at (larden ('ity in 1934 but produced resistant plants 
only. This result, substantiating the behavior of this cross at Man¬ 
hattan in 1933 34, indicates that the same factor for rc'sistance is 
found in both ])arents. 

Kesclts \t the Arlin(;t()n Kx^ekimext Farm 

Some difficulty was encountered at Arlington Farm in classifying 
the plants, owing to reddish discoloration of the roots possibly from 
causes other than Pgthlutn infection. Consequently, the plants were 
classified at several intervals on the basis of whether they were dead 
or alive. Final notes usually were taken when all the plants of the 
susceptible parent of any particular crovss were dead. At that time 
hybrid plants showed all gradations of development, from fully 
healthy to dead and dried. In two experiments at Arlington Fanii, 
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not nil the plants of the snsceptible variety were dead when the final 
notes were taken. The eondition of the snsee])tible parent was re- 
j>:arded as the most satisfaetory standard for determining complete 
siiseeptihility amon^ the hybrids. The data from aManhattan and 
Arlin^tori Farm, although recorded differently, should lead to the 
same gem'tic conclusions because the difference lies merely in group¬ 
ing the intermediate (or aj)])arently heterozygous) plants with either 
the fully susceptible or th(» resistant segregates. 

The data from the four crosses tested in the Fj generation at Arling¬ 
ton Farm in 1981^ are shown in table 1. The plants classed as 
susc('ptible included onlv those dead at the time final notes were 
taken. The Heaven* ' White kaoliang cross segregated according to 



Fi(.( KK SeLTeeatiim Fi- low of the rro.sj. \\ esferri Hlockhull katir X nii\ nulo, urou n m the same Hal of 
Pythunn~iu[e^X^*\ soil as the parents, shown m hgijic 1, at the Ailin^ton KxpcnmeMl Farm 


a simple monohybrid ratio. In the ('lub kafir >: Day milo cross the 
deviation from a 3:1 segregation was slightly greater than three times 
the ])robable error, fn this experiment, however, one of the 17 Day 
milo plants was still alive when tin' final notes were taken. Th(‘ 
Western Blackhull kafir X Day milo cross showed a deviation from 
th(' calculated ratio amounting to 5.77 times the probaFle error. The 
deviation was much greater in the first ])lanting than in the second, 
wdi(‘re the ratio wuis very close to 3:1 (fig. 3). lioth the resistant 
and the susceptibh^ parent of this cross are shown in figure 4. 

The test of the Day milo X Bla(*k Amber sorgo cross was of neces¬ 
sity discontinued before all fdants of the susceptible parent.. Day milo, 
were dead, although all plants of that variety w'(U*e badly wdlted and 
stunted. Much less than a. fourth of tlie liybrid plants wen^ dead at 
that time and those surv iving showed widely varying degr(H*s of injury. 
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Tlio (hita as ])rosmit(Hl in table 1 indicate a wide deviation from a. 
siinph' moTioliybrid segregation. Only 13 of tli(' 22 Day milo parent 
plants in the same soil liats were dead at tlie lime final nott's were 
taken. If Ibe number of dead hybrid pla.n<s is adjusted in accord¬ 
ance with the proportion of dead plants of the Day milo parent, the 
results art* in close a^re(*ment with a simple monohybrid ratio. 



itK t ainl siis<r|'libk* snif’hum plinl'' urown in tho sunt* Ikil of t'yth)uni-v\ios\e \ soil'at 

tlu« ArhtJirlon KviH'rimcm barm .1, I>a> invlo (Misceptiblc). li, niavkbuU ka(>r (rosiblaiUbj* 


THR F, GENKRATION 

The behavior of 19 lines of two crosses in the j?reenbouse at 
Manhattan, Kans., in 1934“35, is shown in table 2. Nine additional 
lines ])roduced so few plants, owing to nonviable seed, that their behav¬ 
ior could not be determined. Considering the 19 lines of the two 
(‘rosses together, 7 were classed as resistant and 12 as susceptible or 
segregating. The calculated numbers arc 4.75 and 14.25, on the basis 

014;$- -;$7-;$ 
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of a simple moiiohybrid ratio, and are in rather close agreement with 
expected results. Each of the live segregating lines indicated a statis¬ 
tically significant monohybrid ratio, as did the combined results from 
the segregating lines of each cross. These data verified the conclu¬ 
sions pointing to simple inheritance that were based on data obtained 
in the F 2 genei'ation of these (‘rosses. 


Tvble 2. —Hvaction to Pifthtum in the F:n generation of 19 hneti in two sorghntn 
crosses grown in the greenhouse at Manhattari, Knns., t9S/i 3o 
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With regard to all generations of all (uosses, it a[)pcars tliat sus¬ 
ceptibility is partly dominant, and the segregations support the con¬ 
clusion that a single major genetic factor pair largely determines the' 
susceptibility of sorghums (o py thium root rot. 

f’OLKOjriLK C OLOR AND I'VTHIUM KKSISTANC'K 

On(‘ planting of the B(*av(U*X White kaoliajig cross at Arlington 
Farm was classified for seedling or coleoptile color. The red (*oleoptih‘ 
character present in the Beaver parent has been shown by Reed 
and others to be inherited as a simple dominant character in many 
sorghum crosses. ISmall stakes were placed beside each plant having 
a green coleoptile, and the coleoptile color was recorded when counts 
of dead plants were made. The data are showui in table 'h 

In this experiment the 132 plants segregated in exactly a 3 : 1 
ratio for resistant and susceptible plants. There was a deviation 
of only 2 from the calculated 3:1 ratio for plants having red or green 
ccjleoptiles. When the segregations for the two characters are 
combined, it is seen that the number of plants in each class is very 

»»BEED. G. M a VKW method of I'HODITTION AND DETECTING SORGHUM HYBRIDS. JoUT Heredity 
2i: 132-144, illus. 1930. 
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close to th(3 expected 9:8:3:1 ratio on the basis of independent 
inheritance. It appears from these results that seedling, or coleoptile, 
color is inherited inde])endently of resistance to pythiiim root rot. 

Table 3. —Segregation for coleoptile color and amceptibility to Pythium in the F 2 
generation of the sorghum cross Heaver X White kaoliangj in the greenhouse, at the 
Arlington Experiment Farm, 103:3 S 4 
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RELATION OF HETEROSIS TO PYTHIUM RESISTANCE 

All the crosses tested at Manhattan, with the exception of the 
Resistant Dwarf Yellow milo X Dwarf Yellow milo (susceptible), 
showed heterosis, or hybritl >igor, in the Fi generation, manifestecl 
chiefly by an incrctise in lunght of from 9 to 32 inches over that of the 
taller parent. Th(‘s(» resistant and susceptible strains of Dwarf Yellow 
milo differ in resistance to I^gfhiunij but they are very similar in 
appearance. Past (experiments with sorghum hybrids have demon¬ 
strated that increased vigor is carried into the second generation. 

Segregation for pythium resistance was substantially the same in 
Resistant Dwarf Yellow milo Dwarf Yellow milo (susceptible) as 
in the other crossf^s in which heterosis was apparent. It would 
appear, therefore, that heterc'sis ])er se ilid not alter the inheritance of 
resistance, 

SUMMARY 

Progenies of crosses }>etw'een sorghum varieties resistant or suscep¬ 
tible to pythium root rot (or the ‘hnilo disease”), caused by Pythium 
arrhenornanes Drechs., were studied in infested soil in the greenhouse 
at Manhattan, Kans., and the Arlington Experiment P^irm, Arlington, 
Va., and in the field at the (larden Vity Substation of the Kansas 
Agricultural Experiment Station. 

The data indicate that susceptibility to the disease is partly 
dominant. Reaction to the disease is determined by a single major 
factor difference. 

Susceptibility is inherited independently of coleoptile (seedling) 
color and of hybrid vigor of the progenies. 






OBSERVATIONS OF PATHOGENIC AND ANTIGENIC 
EFFECTS OF BRUCELLA ABORTUS, UNITED STATES 
BUREAU OF ANIMAL INDUSTRY STRAIN 19 ‘ 

Hy C. M. H A KING, head of division, and J. Tkaum, tyetervnarian, Divtaion of 
Veterinary Seievee, Califoruta Agriralturnl Experiment Station ^ 

INTRODUCTION 

Investigators at the United States Bureau of Animal Industry 
Experiment Station, Bothesda, Md., have rej)orted encouraging re¬ 
sults from the use of subcutaneous injections of living Brucella abortus 
strains of moderate or low virulence to immunize cattle against infec¬ 
tious abortion (Bang’s disease). The first publication regarding this 
work at Bethesila was made by Buck (/)^ in 1930, and subsequent 
reports have been issued by Mohler (11 and by (\)tton 0"^). The 
status of these experiments in 1933 was described by Cotton and Buck 
(4), and the technical procedures and results up to 1934 were pub¬ 
lished in detail by C’otton, Buck, and Smith (o, 6‘, 7, ^S’). 

One of the cultures reported by these investigators to yield promis¬ 
ing results in immunizing heifers against Brucella infection was 
designated by them as strain 19. They claim that this strain is fairly 
constant in pathogenic power as indicated - by repeated tests on 
g\iinea pigs, and that it is suflnuently low in its virulence for non- 
lactating and nonpregnant dairy cattle to be relatively free from the 
objectionable feature of becoming permanently imi)lanted in the 
udder following its use as vai’cine. 

In 1932 transplants of strain 19 were obtained l)y the writers from 
the Chief of the Bureau of Animal Industry. The following report 
is a summary to May 1937 on observations of its effects on guinea 
pigs and cattle at the (\difornia Agricultural Experiment Station. 
Photostatic copii^s of the life history for each va(*cinated and control 
animal subjected to test I'xposure may be had by official investigators 
on application to the writers of this article. 

METHODS 

The methods used at the California station have conformed in 
general to those described in the juiblications by Cotton, Buck, and 
Smith. In transmitting cultures of strain 19 to the writers, the Chief 
of the Bureau of Animal Industry described these methods in a letter 
dated October 10, 1932, which included the following statements: 

You arc advised that potato-agar slants of lirueella abortas strain 19, which is of 
moderate virulence and has given encouraging results at llothesda, are sent you 
under separate cover. 

The method of preparing the vaccine fmm this culture is as follows: The 
grow th from 48- to 72-hour potato-agar slants is washed off with O.Ho percent siilt 


> Ileceived for publication Sept Pi, issued \iiRust UKIT 
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solution and diluted to a density of 10 times tube 1 of the McFarland's nephel- 
onieter. This is used shortly after it is jirepared, usually the same day. 

The animals are usually vaccinat/ed at least 2 months before breeding and it 
would perhaps be better if this time were extended until agglutination reactions 
induced have subsided to a considerable degree. Of course, when calves are 
vaccinated the period is much longer. 

Except for calves, 10 or 20 cc of the vaccine liave been given. Seemingly, the 
dose may vary within considerable limits without ap]ireciably affecting results. 
Tf more than 10 cc of vaccine are given the amount is divided between two points. 
Injections are usually made in front of the shoulder. 

We endeavor to expose tin* animals when they are from 2 to 5 months pregnant. 
A suspension of a virulent Brucella abortu.'< culture is used in making th(‘ exposures, 
which are by the conjunctival method. Our exi>eriments have indicated that 
this method may be made to be oven\dielming, therefore, we have found it impor¬ 
tant to keep it within reasonable bounds by adjusting the dosage. 

For a few months after the strain was received it was propagated 
on potato-agar slants, but since January 1988 liebig^s beef infusion 
agar, containing 2 percent of glyc-erin and 1 ])ercent of glucose has 
been used. No change in cidtural or pathogenic characteristics has 
been observed, and the strain has continued to conform to the descrip¬ 
tions published by Cotton, Buck, and Smith. When it is platetl in 
agar, both S and R ty])e colonies develo]). In plate 1 are shown 
R- and S-type colonies which developed in glucose glycerin agar 
after being planted wdth a 2tS-day plain broth culture. 

For the last 2 years strain 19 has been used at this laboratory for 
preparing antigens for the tube and plate methods of agglutination 
testing. About <S(),()0() tests of bloo<l serums and whey have been 
made, and as yoi no troidile has been ex|>erienced from self-agglu¬ 
tinations or other unsatisfactory effects that are supposed to be caused 
f)y the presence of R types in antigen. 1'he precaution has b(*en taken 
to occasionally renews the stock cultures from which the antigen is 
made by propagating from single S-type colonies. 

For the isolation of Hr. abotius fi-om the experimental animals, the 
methods described by Henry, Traum, and Haring {10) have b(»en 
followed, with the exception of the hemoculture teclmicpie whi<di 
deserves special mention in view of the fact that several investigators, 
including the group at Bethes<la, have reported difficultv in isolating 
Br, abortus from tlie blood stream of cattle. 

Hemocultures were at first made according to the recommendations 
of Soule (13)y but this proved cumbersome, laborious, and expensive, 
and yielded a high percentage of contaminations which rendered the 
method unsatisfactory. Fair success was obtained by a modification 
of the teclmique used by Slow (/;?), which consisted in letting about 
5 cc of blood i*un on a large cooked-blood agar slant, incubating for 
0 or 7 days, stirring, and incubating again. These slants should be 
ke})t under observation for at least 2 weeks before discarding. 

The best results in hemocultures w^re obtained by a modification 
of a method that has been described by Stewart, Eddie, Paxton, and 
Meyer (14)^ Tins modification consists in allowing about o cc of 
blood to run from the jugular vein into a sterile test tube in which 
has been placed 5 or b (Irops of a l.b-percent solution of sodium 
citrate. The tube (‘ontaining the citrated blood is heated in a water 
bath at 56° C. for 15 minutes, and 8 to 4 cc is poured over a large 
cooked-blood agar slant. A tube of not less than seven-eighths of an 
inch in diameter is use<l. Tliis is incubated for 6 or 7 days in an 
atmosphere of 10-percent CO 2 , after which the tube is tipped for a few 
seconds so that the blood will flow over the upper portions of the slants. 
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Plate i 



('olonu'^ of .’^Irum PMiii i.*liio»se*>:h('tTirt tt^»ar Tht.s nietlium wtu^ veHlfd from u truii'^pluni in I'lain broth 
made to fwinu about dissociation In this respect. Strain lit f>ehn\es hke most cultures of Jirmdin 
ntwtns 1'he K colonies appear white and the S colonies gni.\ X 1"> 
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111 this method the incubation is continued for at least 3 weeks, 
during which time it is examined at intervuils of 3 or 4 days, and each 
time the tube is tipped so that the blood nms over the slant. When 
Hr, abortus is present this results in an abundance of small colonies. 

From a cornpanson of the results of blood cultured simultaneously 
by these dilferent methods, it is evident that either the heating or the 
citrating of the blood, or both, is an important part of the techni(pu‘ 
of the latter procedure. The comparison is shown in table I. 


Tahi>k 1.- dotnparolirr results uutk untreated and citrated-heated blood cultures 
from cattle, iuade at various intervals after exposure to Brucella abortus 
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TKSTS FOR VIRULENCK ON GUINEA PIGS 

In adtlition to the use of direct cultures, approximately 200 guinea 
[)igs liave been inoculated A\ith milk, uterine material, and other 
tissues of \aecinated cattle to test for tin* persistence of strain 10. 

When this organism is present in the material inoculated it can usu¬ 
ally be reeovenMl by s])leen culture on cooked-blood agar, provided the 
guinea pigs are killed about the sixth week after inoculation. Ap- 
[)arently the organisms of this strain tend to disappear from the guinea 
pig tissu(‘s soon after the sixth week. Macroscopic lesions in guinea 
])igs rarely result from the injection of milk or tissues containing only 
a few organisms of this strain. The agglutination titer is usually low. 
The absence of any aj)j)arent enlargement of the sjileen or macro- 
scoi)ie change in the parenchyma of the spleen, liver, testes, or lymph 
nodes is in marked contrast to the definite lesions resulting from the 
inoculation of milk or tissues containing more virulent strains of 
Hr, al)ortu^s. 

When culture suspensions of a billion or more organisms of strain 
19 are injected intra-abdoniinally a positive blood agglutination titer 
usually residts and, 0 (*casionally, slight enlargement of the spleen and 
other slight lesions. A series of 18 guinea, pigs w(‘re injected intra- 
abdominally with 0.2 to 0.3 cc of vaccine. Selections for autopsy 
froni this group were made at varying intervals from 40 to 107 days. 
Posithe cultures from the spleen were obtained in all cases up to 50 
days. Two guinea |)igs killed on the seAcnty-fourth day were nega¬ 
tive. On the eighty-second day a third was positive and a fotath 
negative. Autopsies on the eighty-fourth and one luindred and 
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seventh day were negative. These results are in contrast to the find¬ 
ings in control guinea pigs inoculated with violent strain IJ. C. V. 
36 which yielde(i positive spleen cultures and definite lesions in eveiy 
one of a series of 14 animals. The intervals of autopsy extended from 
the thirtieth to the one hundred and twelfth day. 


WORK ON CATTLE WITH STRAIN 19 


LONCJEVITY IN BODIES OF VACCINATED CATTLE 

In order to determine the longevity of strain 19 in the tissues of 
vaccinated cattle, and test for ])ossiblc shedder conditions set ui) in 
them, a study was made of blood, subcutaneous and lymplmode 
tissues, uterine material, and milk. Hemocultures from the jugular 
veins of vaccinated calves and cows have shown that the organisms 
may circulate in the hlood for at least 22 days following vaccination. 
The only instances in which the strain has been obtained from the 
milk or from uterine material are as follows: 

Cow 2060 (table 2) discharged strain 19 in the uterine material and 
colostiTim at the time of calving on the seventeenth day following her 
vaccination, but. no evidence was found that she continued to shed 
the organisms in the milk or in the uterine material at two suhsecpient 
nonnal calvings. 

Table 2. —Results of vaccinatiug pregnant cows with Brucella abortus strain 11) 
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Cow 35, vaccinated while pregnant 128 days, yielded strain 19 in a 
culture of blood from the jugular vein on the seventeenth day after 
vaccination, and again from the placenta and colostrum 125 days 
after vaccination. 

Biopsy tests on a vaccinated bull have shown that the organism of 
strain 19 may remain alive for at least 24 days in the subcutaneous 
tissues and lymph nodes adjacent to the point of injection. Tests on 
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another bull, slau^^htered on the one hundred and thirteenth day after 
vaccination, faile(l to show any living Brucella organisms, although 
direct cultures ^vere made and several guinea pigs inoculated with a 
variety of tissues from various parts of the body, including the vicinity 
of the point of injection. 

ASSOCIATION OF VACCINATED AND NONVACCINATED CATTLE 

During the 3)^ years that experiments with strain 19 have been in 
progress in Berkeley, it has been customary to keep the vaccinated 
cattle with approximately an equal ntmiber of non vaccinated controls 
of about the same age. In addition, a few older cows have usually 
been in the same fiehls and corrals while in various stages of pregnancy. 

Most of the vaccinated and nonvac(‘inated animals have now jiassed 
through pregnancies, and inoculations of milk into guinea i)igs, as well 
as frequent agglutination tests, have not indicated any transfer of 
infection from the vaccinated to the nonvaccinated cattle. 

VAC’CINATION OF PREGNANT COWS 

Cotton (.i) and Buck [2) both adviseil against the vaccination of 
pregnant cows, l)ut some veterinary practitioners venture to use cul¬ 
ture 19 on all the animals in certain badly infected herds, regardless 
of the condition of juegnancy. At least one of the commercial firms 
manufacturing the vaccine has advocated such practi(*e in its advertis¬ 
ing literature. 

In order to test the effects of strain 19 on ])regnant cattle, a limited 
number of trials under the controlled conditions were made. As 
show n in table 2, three of the five cows vaccinated w Idle pregnant, and 
not exposed, calve<l normally; a fourth cow gave birth to an apparently 
normal calf which died from exposure before being found; the fifth 
produced a weak calf which was killed and was the only one of the 
five to yield Br. abortus^ strain 19, although at the time of each calving 
guinea pigs wer(' inoculated with uterine material and colostrum. 

Three other cows were vaccinated while pregnant api)roxiinately 
4 months, and exposed conjunctivally with virulent Br, abortus 
V, C. V. 3(> a month later. Table 2 shows that only one of these 
cows calved normally, with negative laboratory findings. The other 
two cows gave birtli to premature calves which soon died, and Br. 
abortus was isolated from the placenta of each (‘ow', the organism in 
one case showing characteristics of strain 19. 

In certain field trials (conducted by veterinary practitioners in 
cooperation with the writers, the vaccine has been used on cattle in 
A'arious stages of pregnancy. The results so far have been variable. 
In one herd a rather high percentage of the cows aborted; the herd, 
however, was badly infected at the time of the vaccinations, and it 
has not been possible to determine if the abortions w ere due to natural 
ii'fection or to injury from the vaccine. 

WORK ON CATTLE WITH STRAIN U. C. V. 36 

(’HAHACTERISTICS OF THE CULTURE USED 

For conjunctival exposure trials to test the resistance of the vac¬ 
cinated cattle, a strain of Br. abortus was selected which for 0 years 
has been proved repeatedly by the writers to be higlily virulent lor 
cattle. This strain, U. C. V. 36, wuis isolated in February 1931 in 
direct culture from the placenta of a cow that had aborted at a com- 
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niercial daily farm. Its cultural characteristics correspond to those 
considered most typical of strains from bovine sources. Although 
transplanted at frequent intervals no tendency to dissociation has 
been observed in this culture. The colonies of this strain are always 
of the S type. It will not grow except in an atmosphere of increased 
carbon dioxide, and it shows the hydrogen sulphide and dye-plat<‘ 
characteristics of a typical bovine strain. 

When 1 to ^ billion organisms of this (uilture are dropped upon the 
uninjured eye of a pregnant, susceptible cow a typical course of 
brucellosis follows, similar to that in a naturally infected animal in 
regard to blood and milk titei's, abortion, and udder infection. 

The subcutaneous injection of this culture into sheep during ad¬ 
vanced pregnancy caused tliese animals to become sliedders very soon 
after jiarturition. In some cases they continued for months to elim¬ 
inate enormous numbers of organisms in their milk. In 1932 the 
culture was tried on three pregnant sows by intravenous inoculation 
of 200 million organisms and all aborted fetuses were infected with 
r. C\ V. 30 type of organism. In three other pregnant sow^s, exposed 
orally or conjunctivally, the only evidence of infection w'as a rise in 
agglutination titer. 

The culture has been used to infect 74 cattle by way of the con- 
junctivae, and the results are ap])arently satisfactory as a nuums of 
measuring tlu' resistance of catth^ to infection. 

ANIMXLS AND MKTHODS 

To determim‘ the immunity produced by vac(‘ination, 19 vaccinated 
and 24 control cows have been exposed conjunctivally to virulent 
Rr. abortus strain I(\ V. 3(). At the time of ex[)osure they were in 
various stages of pregnancy, ranging from 90 to 171 days. The re¬ 
sults of these exposure trials are shown in table 3, which also (‘ontains 
a record of the reexposure, at a later pregnancy, of two of the vacci¬ 
nated animals, and of two others exposed only by association with 
aborting cows. The animals are listed in four groups according to 
the respective dates of their ex[)osure. 

The suspension of strain W C. V. 30 used for group 1 was ])repared 
from slants made from l)eef-infusion agar containing 2 ])ercent of 
glycerin and 1 percent of glucose. This medium was heavily seeded 
and incubated for 72 hours in the usual atmosphere of carbon dioxide. 
The surface growih was removed and <liluted with physiological 
sodium chloride solution to a rea<ling of 1 cm on a dates opacirneter 
(McFarland tube 7). P]ach animal received a total of about 0.4 cc. 
The eyelids were then closed and gently massaged with the palm of 
the hand. The dose placed on the conjuuctivae was estimated by 
plate counts to contain about F ’2 billion living organisms. 

The suspension of strain V. (\ V. 30 used for group 2 was prepared 
in the same manner as that for group 1, with the exception that the 
medium was liver-infusion agar. The method of exposure consisted 
in placing 0.25 cc upon the sclera of each eyeball and a like amount 
under the lower lid of each eye. The lids were then closed and 
massaged vigorously for about 5 secmids. The total <losage given 
group 2 contained approximately 10 billion organisms, or about seven 
times the nuruber used in exposing groups 1 and 4. (Iroup 3 was not 
exposed conjunctivally, but by association with aborting animals. 
In exposing group 4, an effort was made to follow as closely as possible 
the dosage and techni(|ue of application used for group 1*. 
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DISCUSSION OF TABLE 3 

RESULTS WITH GROUP 1 

The (lata for group 1 in table 3 show a marked difference in the 
effect of conjunctival exposure of the vaccinated cows, as compared 
to the controls. The only effect from exposure apparent in the vac¬ 
cinated animals was a rise in the agglutination titer. It will be noted 
that they all gave birth to vigorous calves at full term, and the cul¬ 
tures of the blood, uterine material, and milk were negative. On 
the other hand, all but one of the controls aborted, and they also 
showed other effects typical of brucellosis, such as necrosis of the 
placenta and the ])resence of Br, abortus in the uterine material. 
Four controls in group 1 were proved to shed this organism in the 
milk and three yielded cultures of it from the circulating blood. It 
wdll be noted that control cow 5 escaped infection. During her next 
gestation period she was again subjected to conjunctival exposure 
(see group 2, table 3) and again gave birth to a full-term calf. Fol¬ 
lowing her second exposure, her placenta was normal in appearance, 
but Ih‘, abortus was isolated from it and a few weeks later her agglu¬ 
tination titer rose to 100. H(3W'ever, afhu* a few’ months it subsided 
to m\gative. It is Ixdieved that she had st^me natural resistance to 
Brucella. 

RESULTS WITH (JHOUP 2 

There was not such a ch^ar-cut differem^e between the vaccinated 
and the ('ontrol animals in group 2, in n^spect to their iTsistance, as 
in group 1. This was p(3ssil)Iy due to the fact that the cows in group 
2 wTre exposed to about seven times the number of organisms us(m 1 
on those in group 1 and also to the more vigorous massaging of the 
(\velids in group 2. Five of the vaccinated animals developed bru¬ 
cellosis and the organism was isolated in each case from the placenta 
and milk. Of the three which failed to show evidence of the bru¬ 
cellosis, one w^as nonpregnant, one gave birth to a dead calf at full 
term, and only one (no. 12) produced a vigorous calf. The 11 (Con¬ 
trols (nos. 20 30), ('xposi'd for the first time, developed typi(cal 
bru(*.cllosis. 

In group 2 were four animals which had been previously exposed. 
The record of thive of these (nos. 3, 4, and 5) is evidimt from the table, 
as they also afjpear in group 1. The fourth (no. 19) had been fed 
Br. abortus 9 y("ars previously, wdion she was pregnant 114 days, 
wdiich resulted in an ai)ortiou, and at that time Br. abojius was isolate(l 
from her pla(‘enta and milk. Thereafter her agglutination titer 
remained positive for 2 years, and suspicious or negative for another 
2 years. The rt^sistance show n by the four animals subjected to re¬ 
exposure is so definite, in comparison with the infection of the others 
in this group, that one can conclude that the infection with the 
virulent J?r. abortus eventually produced a mu(|h stronger resistance 
than did the subcutaneous vaccination with strain 19. 

RESULTS OF (X)NTACT EXPOSURE IN GROUP 3 

When the animals in this group were supposed to be 131 to 139 
days pregnant, they were tested for immunity by placing them in a 
corral in which animals from group 2 were aborting. 

One of the vaccinated cow^s (no. 32) gave birth to a normal, vigorous 
calf, and laboratory examinations for Br, abortus were negative. 
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The other (no. 31) aborted a dead fetus on the one hundred and 
ei^hty-sixtli day of gestation, but, as cultures and guinea pig inocula¬ 
tions of uterine material, fetal tissue, and colostrum, as well as milk, 
were all negative for the organism, the abortion is believed to have 
been caused by some factor other than infection contracted through 
exposure to aborting cows. 

One of the control animals developed an agglutination titer of — 100 
followring contact with aborting cows, but was not found to be preg¬ 
nant. The other control cow aborted a dead fetus on the two hun¬ 
dred and thirty-third day of gestation, and Br, abortus was recovered 
from her uterine, fetal, and udder material. The agglutination titer 
of this cow, which had previously been negative, rose to 1,600 at the 
time of abortion, in marked contrast to the low titers developed by 
the vaccinated cows subjected to exposure in this group. 

RESULTS WITH (JROUP 4 

In table 3 it may be seen that grouj) 4 consisted of seven vaccinated 
and an e((ual number of control cow’s. It is noteworthy that tb(‘. 
vaccinated animals in this group that calved normally bad previously 
borne calves, while the other three that aborted, as well as all of the 
controls, were primiparoiis. 

The fact that onlv one of the vaccinated animals in this group 
yielded a positive blood culture, while sL\ of the controls repeatedly 
yielded positive cultures, confirms the hemoculture results previously 
obtained from the animals in groups 1 and 2 and would justify the con¬ 
clusion that vaccination tends to reduce the bacteraemia following 
exposure to Bt\ ahortufi. 

All group 4 animals wen* kept (ontinuously at ]>asture from the 
date of their woaning to the time they calved or aborted in the fall of 
1936 or the early months of 1937. In this respect their treatment was 
similar to that given grouj)s 1 and 2. T1 h‘ weather conditions during 
1936, however, were more unfavorable to the nutritive qualities of the 
pasture vegetation than in the previous 4 years. Little rain fell 
between eJune and December 1936), and the pasture grasses (wild oats, 
alfilaria and bur clover) became unusually dry and bh^ached. Fur¬ 
thermore, the first fall rains w^ere followed by such cool weather that 
no green forage developed until after the first of January. From 
November 1936 to Fcbruaiy 1937 sparing amounts of alfalfa hay wen* 
fed two or three times a week to the animals in this grouj). This 
supplementary feeding provided a better dii't than that available to 
t he average heifer or nonlactating cow in the coast ranges of C^difon»ia, 
and at the time of exposure of group 4 the diet was considered to lu' 
adequate. It was not adequate, however, for tests by tlu^ antimony 
trichloride method on liver tissue from some of the fetuses showed 
complete lack of color reaction for vitamin A, whereas the livers of 
certain calves born to cows not in the experiment but kept in the 
vicinity and fed concentrates and all the alfalfa hay they w'ould eat, 
showed a relatively high content of vitan in A. 

It is probable that a combination of the effects of Br. abortus infec¬ 
tion and a low" intake of vitamin A, and possibly other dietary essen¬ 
tials, were responsible for the abortions in group 4. The results are 
significant as an indication of what might occur in vaccinated cattle 
exposed to infection under average conditions of winter range in tlie 
San Francisco Bay section. 
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Hart and Giiilljort (9) liave demonstrated tliat a lack of vitamin A in 
range grasses in California may (‘ause a condition in cows resulting in 
the birth of dead or weak calves and letained ])lacentas, a condition 
simulating infectious abortion, althoxigh the cattle may be free from 
brucellosis. That the pathogenic effects of Brucella infection may be 
enhanced by a lack of vitamin A in the diets of cattle is indicated by 
the results in groujj 4. 

SUMM \KV 

Since October 19112 <‘ultures of Brucella abort us y United States 
Bureau of Animal Industry strain 19, have been under observation. 
When grown on glucose-glycerin agar, tlie strain has apparently 
remained tmehanged in its relatively low’ virulence for guinea. j)igs and 
ca.ttle. 

When grown in plain l)roth for about 4 W(H'ks the strain b(’carre 
dissociated so that transplants to glucose agar resulted in a pre- 
(lominan(‘e of K-type colonies, but, when occasionally renewn*d by 
planting from S-type colonies, it remained suflicicntly stable to be 
satisfactory for the ])ro(luction of antigen for the detection of agglu¬ 
tinins by the tube and the |)late methods. 

After subcutaneous injection into cattle in doses of approximately 
200 billion organisms, the strain has been isolated from the circulating 
blood up to tlic twenty-second day, and from the subcutaneous tissues 
ru'ar the i)oint of inj(‘ction at 14 and 24 days. When injected sub¬ 
cutaneously into |)regnant cow^s, it may produce tyi)i<‘al bnicellosis 
with transi(*nt bacteraemia, exudative and necrotic placentitis, with 
the discharge' of large numbers of the organisms in uterine material at 
the time of parturition. 

(kittle vaccinat'd with sti’ain 19 while nonpregnant have been kept 
edosely associated with nonvaceinated cattle for over 3 years without 
any evidence of the transmission of infection to the nonvaccinated 
animals. 

Th(' vaccination of mature nonpregnant heifi'rs produced, for at 
least 2 years, a very definite resistaiuce against the elfects of exposure 
from introducing 1 billion virulent Br, abortus into the conjunctival 
sacs. This resistanci' may be ovenvhelmed when larger doses are 
introduced into the conjunctival sacs, followed by vigorous massage of 
the eyc'lids. 

Infection of adidt cows with virulent strains of Br. abortus produced 
a stronger resistance to subse(|uent infection than was prodiu'ed in 
younger cattle by vaccination with strain 19. 

Tlu' data on results of vaccination between the ages of 4 and Ui 
months are too meager to permit definite interpretation, but they 
tend to indicate that the agglutination titer usually vanishes within 
a year and that only a small percentage of such animals are suffi¬ 
ciently prot('cted to withstand severe conjunctival exposure wdien 
they are maintained on the low vitamin A intake available in the fall 
and winter months on the average California, coast range. 

The results from hemocultures indicate that (*alfhood vaccination 
with strain 19 tends to inhibit the bacteraemia that freipiently follows 
conjunctival exposure of cattle with virulent Br. abortus. 
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FURTHER STUDIES ON THE INTERRELATIONSHIP OF 
INSECTS AND FUNGI IN THE DETERIORATION OF 
FELLED NORWAY PINE LOGS ‘ 

By J. G. Leach, associate plant pathologist^ L. W. Orr, formerly instructor in forest 
entomology^ and Clyde Christensen, assistant forest pathologist^ Minnesota 
Agricultural Expcr%7nent Station * 

INTRODUCTION 

In an earlier paper ^ the authors outlined plans for a study of the 
interrelationships of insects and fungi in the deterioration of felled 
timber and described the association of two species of bark beetles with 
two species of blue-staining fungi. In this paper are recorded obser¬ 
vations and experiments on several species of wood-boring beetles and 
their influence on the development of heart rot in felled Nonvay 
pine logs. 

METHODS AND PROCEDURE 

Tt will be necessary here only to describe briefly the general plan of 
the experiment. For further details the reader is referred to the earlier 
])a])er.‘^ On May 18 and 10, 1931, 56 logs of Norway pine {PinuH 
r(\^lnom Ait.), 7 to 12 inches in diameter and 40 inches in length, were 
cut. They wore divided into 5 series of 8 logs each and a check series 
of 16 logs and were given the following treatments: 

A. No treatment; not cagod (chock series). 

B. Ends and liml) scars disinfected witli a 2-pere(‘nt aqueous solution of ethyl 

mercury chloride, th(*n sealed with roofing pitch and covered with burlap; 
not caged. 

C. Same as series B, but enclosed in a cage of 18-mesh aluminum-coated screen 

wire. 

D. No end treatment, but onclo.sed in a cage of 18-mesh screen wire. 

E. Ends and limb scars sprayed at frequent intervals during the first two summer 

seasons with a 2-})ercent aqueous solution of ethyl mercury chloride; not 
(jageil. 

F. Same as scries E, but enclosed in a cage of 18-mesh screen wire. 

After treatment the logs were placed in position on supports a few' 
inches above the ground under a slanting roof of laths providing 
appro.ximately 50 percent shade. The end treatpients were intended 
to ])revent fungus infection by wind-borne spores and the cages were 
to exclude insects and any fungi that they might introduce. The 
nontreated and noncaged logs of the check series w^ere exposed to both 
insect attack and wdnd-blowm fungus spores. By observing the rela¬ 
tive amounts of decay and insect infestation in the logs of the different 
series it w^as hoped that some indication of the influence of insect in¬ 
festation on the development of decay could be obtained. 

> Received for publication Nov. 24, 1936; issued August 1937. Paiier no 1461 of the Scientific Journal 
Series of the Minnesota Agricultural Experiment Station ('‘ooiK'rative investigations b> the Division of 
Plant Patliology and Botany and the Division of Knloinology and Economic Zoology Supported in part 
hy a grant from the research funds of the Graduate School of the University of Minnesota. 

* The authors express their appreciation to Dr Alexander C. llodson for his assistance in checking the 
identity of the insect siiecles mentioned in this paper and for critically reading the manuscript. 

3 Leach, J. G , Orr, L, W , and ("hrlstknskn, C\ the interrelationshics of hark beetle^? and 
BLUK-STAININO Fl’NCJI IN FELLED NORWAY ilNE TIMBER JOUT. Agr. Research 49. 315-342, illUS. 1934. 

Journal of Agricultural Research, Vol. 65, no 2 

Washington. D C. July 15. 1937 

Key no Miun.~99 


6143™a7- —4 


( 129 ) 



130 


Journal oj Agricultural Research 


Vol. 66. no. 2 


Ill a(kiitioji to the above experiment, other logs were cut, caged, and 
treated as in series C and F. Into these cages varying nuinliers of 
different species of insects were introduced. In this way the develop¬ 
ment of individual species of insects and associated fungi was studied 
without being complicated by the presence of other insects or fungi 
These served also as material for studying the various stages in the 
life cycle of the insects. 

GENERAL OBSERVATIONS ON INSECT ATTACKS AND FUNGUS 

INFECTIONS 

Bark beetles were the first insects to attack the exjieriniental logs. 
The developnuuit of two spi'cies of tliese beetles and their association 
with (‘crtain blue-stain fungi have lieen described.*^ Shortly after the 
bark beetles had entered the logs, several sjiecies of wood-boring 
insects made their appearance. The most prevalent of these were the 
cerambycid beetles Monochamus scutellatus (Say), and M. uotatux 
(Druiy), and two buprestids, Ohalcophora rirgitiiensis (Drury), and 
Chrysohothris dentipes (Gerniar). The activities of these species and 
their relation to the development of wood rot in the logs are described 
in this paper. 

In addition to these, a few other spe(*ies were found in the logs in 
varying numbers. Since most of the latter group confined their 
activities to the bark and outer layers of the sapwood and made their 
appearance after the logs were thoroughly infested with bark beetles, 
no direct association with any specific fungus could be observed. A 
few experiments were made with some of these insects in caged and 
sealed logs, but no clear-(‘ut associations with fungi were ('stablislual. 
The most prevalent of these insects were the following: 

1. Rhagium lineaium Oliver. This was common in most of the noncagod logs. 
Development was confined to the ininr liark and outer sapwood. Numerou.'- 
and varied species of fungi wi're isolated from the fra.ss and tunnels, but no out' 
spooies w'as consistently present, and since all the surrounding tissues had been 
thoroughly infested by secondarv fungi, no definite associations could be detect(*d 

2. Hglobius congener D. T., »S., and M., a weevil, was found in several of the* 
exposed logs. The weevils were usually near the ends of th(* logs and made their 
tunnels in the inner bark and the surface of the sapwood. Their activity was 
very limited and there was no consistent decay or discoloration of the sapwood 
associated with them. Although the frass found in the })upal chambers was 
frequently contaminated with numerous molds, these usually could l>e detected 
only by culturing. It is to be concluded that these insects have little or no effect 
(HI tli(‘ development of fungi in the logs. 

THE RELATION OF MONOCHAMUS SCUTELLATUS AND M. 

NOTATUS TO THE DECAY OF HEARTWOOD 

Alonocharnus scutellatus and il/. notatus wore the most prevalent 
w ood-boring insects found in tlie logs. From 2 to 15 larvae of these 
species were found in nearly every log that was not caged. Both 
species were present. A/, scuiellalus being the most abundant, but it 
was not alw'ays possible to distinguish the species in the larval stage. 
Their life liistories and activities in the logs were essentially similar. 
For these reasons they are considered together in the following dis¬ 
cussion. Observations and experimental data showed that the 
l>resence of these insects in the logs markedly influenced the rate of 
decay of the lieartwood. 

2 Lkach. .T. O , Orb, T.. W., and Christensen. C the iNTERRELATroNHUip.s of bark rkktx.es and 
BLUE-STAINXNG FUNGI IN FELLED NORWAY PINE TIMBER. JOUF. Agr Research 4»: 315 342, lllUS. 1934 
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These s])e(vies of Afonochamu^ infest freshly felled pine logs or pine 
trees that have been killed or severely injured by some other agency. 
The adults are elongate, somewhat eylimlrieal, black or brown beetles 
about 1 inch in length. Individuals of each species ditfer considerably 
in size and color. The hunales are some^\hat lightei* in color than the 
males and are marke<l ^\ith irregidar grayish-white spots (fig. 1, /f). 



Kn,rRE I.-' 'Monochumm ncuteUatus 1, Male, X \ female in the act of chewing an egg niche m the 

hark of a Norway i)ine log; X Three egg n^c•he^; X Three ,\fov()chamu8 eggs exposed by 

removing the bark around a niche, X 2‘ v K, A young Monochamus larva feeding in the bark of a Norw ay 
pine log, X IHi. 

The antennae of the males arc somewhat longer than those of the 
females. The adults emerge from infested logs in spring and early 
summer. During a flight period of several weeks they feed upon the 
leaves or green bark of pine t>^dgs. Oviposition reaches its peak 
shortly before midsummer. The eggs are deposited in slits that the 
females make in the bark with their mandibles (fig. 1, C). The slits 
extend into the living inner bark, and from one to three eggs are 
deposited in each slit (fig. I, D), 1'he larvae emerge from the eggs 
and tunnel in the inner bark and cambium region (fig. 1, /i). If 
more than one egg hatches, usually only one larva survives, probably 
because of (*,annibalism. As the larva increases in size the e.xcavation 
is enlarged and extends for a depth of a few millimeters into the 
ppwood (fig. 2, A). As the larva approaches maturity, it turns 
inward and bores an ovoid tunnel through the sapwood and into 
the heartwood for a considerable depth. Before pupation, the 
larva turns and bores toward the upper surface of the log. The pupal 
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(^hanibor is formed about 1 inch below the surface. When the adult 
is formed it bores out its own emergence tunnel and emerg?s usually 
at or near the upper surface of the log through a round bqle about 
one-(iuarter to three-eighths of an inch in diameter (fig. 2, B), The 



Fioure 2.—/I, Portion of a Norway pme log with bark removpfl to show feeding and penetration tunnels 
of two Xfonocharnun larvae, li, snetion of a log (c*enter section of log 34) showing t>enetration and exit 
tunnel of a Monocharnun beetle Note the decay that invaded the heart wood through the tunnel in a 
radml and tangential direction and spread for u considerable di!stanc*<» up and down the log. 

time reepdred for completion of the life cycle varies from 1 to 3 years. 
It is a significant characteristic of this insect that the larva tends to 
keep the tunnt^I clear of frass and chips by casting these out through 
holes that it makers in the bark (fig. 3, B). 



Fiupke 3 —A, Fruiting bodies of Peniophora giganUa formed on the lower side of one of the exiierimenfal 
logs; n, pile of frass pushed out of the tunnel of a Monochaviun larva. Momchamm larvae keep their 
tunnels oj)eu by pushing all frass out through a hole made in the bark. 


(irahani,* in a study of the ecology of inseets in felled logs, observed 
that wood rots were comnaonly associated with the tunnels of this 
insect, and suggested that the optm nature of the tunnels offered ideal 
conditions for infection of the logs with wood rots. That there is some 
relation between infestations by these beetles and the decay of the 
heartwood is clearly demonstrated by the results of the present experi- 

< OnAHAM, a. A. THE FfiUEl) THEE Tlll/NK AH AN ECOLOGICAL CNlT. Ecology 0: 397 -411, illUS, 1925, 
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ment. In tabic 1 are given the summarized data on the two series of 
logs showing the wood-boring insects present and the corresponding 
amount of heartwood decay for each treatment. One of tiiese series 
was examined in August loki and the other in September 1934, tiiree 
and four summer seasons respectiv-ely after the beginning of the experi¬ 
ment. The insect counts were made immediately after the bark was 
removed from the log. The amount of heartwood decay was deter¬ 
mined by measuring the area of decayed heartwood exposed in repre¬ 
sentative logs of each series when cut in (‘ross or longitudinal sections, 
as shown in figure 4. The areas were measured with a planimeter and 

J B C D 





Fit.I RE •! - Diai^nuii .sho\MU }2 liovs loirs cut for tlw* measurement of the amount of heartwood decay 


calculated in terms of percentage of the total area of heartwood 
exposed in tlie section. A study of the table will show that there is a 
fair degree of correlation between the number of wootl-l)oring insects, 
especially Monochatnas spp., and the amount of heartwood decay in 
the log. Tlie correlation is shown more clearly in tigures 5 and b. It 
will be noted that the greatest lack of correlation is in series D and F. 
The logs were caged in both series. In smies D the ends were given no 
treatment and in series F the ends were sprayed with ethyl mercuiy 
(‘hloride at intervals during the first two summer seavsons but received 
no treatment afterward. By the time the logs were examined the ends 
were badly checked, the (‘racks extending far into the heartwood; 
and it was obvious that the wood rot had spread from the sapwood 
deep into the heartwood through these cracks. In practically all 
cases in these series, as well as in series A, where the ends were exposed 
also, the amount of decay in the end sections was miicli greater than 
in the center sections. These differences are shown in figures 5 and 6, 
where the percentages of decay hi the end sections are compared with 
those of the center sections. 

The significance of the exposed ends and the deep checks that 
formed on the exposed ends can be more fully appreciated when they 
are considered in connection with the relative rate of spread of the 
decay in different directions in the heartwood. It was not possible 
to make carefully controlled measurements of the rate of spreail of 
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FKiTKE (). -Ueiirtwood decay and iii>ect infestatiou iii logs evainiued after exposure for four seasons. Sep¬ 
tember 1934: -1,1'otal decay for each log, B, total decay for logs in each series; (\ larvae ui Alonochawutt 
spp. found in each log; />, larvae of Alonochamu* spp. found in logs in each series; K, percentage of decay in 
end sections of logs; F, percentage of decay in center sections of logs. See text for of dcscTiption treatments 
used in each lettered seriCvS. 
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decay in the lo^s; but when the logs were cut und examined, it was 
perfectly obvious that the decay in the heartwood spread very much 
more rapidly in a longitudinal direction than either radially or tan¬ 
gentially. This difference was less marked in tlie sapwood, which 
was nearly always completely decayed before any appreciable decay 
appeared in the heartwood. Thus, in the logs with sealed ends, 
there was much loss sapwood decay and the decay si)read from the 
sapwood into the heartwood by radial growth very slowly excei)t 
where it followed insect infestation. 

Taule amount of infestation bi/ wood-boring beetles and the amount of 

heartwood decay in the experimental logs 
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It will be observed that the amount of heartwood decay was l(‘ss, 
and the number of Mon oc ft a mm beetles was smaller, in the logs with 
sealed ends than in those with exposed ends. Nevertheless, within the 
series comprising logs with sealed ends, there is a close (‘orrelation 
between the number of Monocharnus beetles and the amount of heart- 
wood decay. The greater amount of heartwood (h^cay in the logs 
with exposed ends was obviously caused in jiart by the increased 
opportunity for infection through the emls. However, the moisture 
content of the sealed logs was much higher than that of the logs with 
exposed ends and probably made the conditions less favorable for both 
insect and fungus. The moisture content of the logs was not measured 
after the first year, but during the first year the average loss in weight 
of the logs with exposed ends was 10.69 percent, and that of the logs 
with sealed ends only 1.75 percent. A somewhat similar difference 
was probably maintained during the remainder of the jieriod. The 
moisture content of the caged logs was slightly higher than that of 
the logs not caged, but it was not high enough to inhibit the develop¬ 
ment of decay. During the course of the experiment the progressive 
development of the insects and decay was studied in additional caged 
logs in which a known number of insects were introduced. In these 
caged logs the decay of the heartwood in association with Monocharnus 
larvae developed equally as w^ell as it did in the exposed logs used in 
the comparative test. 
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The principal fungus causing the decay of the heartwood was 
Peniophora gigantea, (Fr.) Massee. Numerous isolations were made 
from decayed heartwood, including many adjacent to the tunnels of 
MoiiochamusXovwao fui various stages of development, and this species 
was most frequently isolated. Polyporus anceps l\'ck, Polyporus 
abietinus (Dicks.) Fries, and Merulius sp. were sometimes isolated, 
but these were very rare. The fruiting bodies of P. gigantea wTre 
formed on the lower side of all logs that showed an appreciable amount 
of decay (fig. A ). This fungus has been recognized for a long time 
as the cause of sapwood decay of coniferous wood but has not been 
considered as seriously afl'ecting heartwood. Although growing more 
slowly on lieartwood than on sapwood, it is obvious from these 
experiineiits that it must also be considered as a factor in heart- 
wood decay. 

Although figures 5 and (> show that there is a relationsliip between 
the amount of heartwood decay and infestation by the Monocharnus 
beetles, the most striking proof of the association is obtained by 
examining the insect tunnels and the areas of heartwood decay as 



Kk.i hf 7 - '\, The (f*nfrr sect ion from lop 45, slnjw'inp (wo oreus of deaiy in tho heart wno<l that wore 
( losi'h ussoomitHi vkith Atonochumu$ tunnels li. The venter sect urn of lop Ks, caped to e\elu*ie mseeUs, 
•showinp ahsence of (leca\. lii all other res|>ect'< similar to lop 45 ( 'J’ht* ie\crj>e side of the center sec¬ 

tion of lop 45 shown m .1. 

r('V('al(*d in the logs when cut in cross section. The close association 
of the decayed areas with the larval tunnels leaves no doubt of the 
fact tluit th(‘ decay of the heartwood is hastened by the insect infesta¬ 
tion. This close association is well illustrated in the center sections 
cut from logs 31) and 45, shown in figure 2, /f, and figure 7. The 
total amount of decayed heartwood resulting from each insect tunnel 
is not evident when seen in cross section. It is only by determining 
the (‘xtent of spread in a longitudinal direc^tion that the total volume 
can be estimated, in log 31) (fig. 2, B) the decay extended more than 
20 inches, and in log 45 (fig. 5) it extended the entire length of the 
4()-inch log. 

The close association of heartwood decay with the tunnels of 
Monochamm larvae suggests the possibility that the insects may be 
concerned in the dissemination of Peniophora gigantea. If the fungus 
w ere introduced into the log by these insects it would most likely be 
introduced at the time of ovinosition. The method of oyiposition has 
already been described. A large number of freshly laid eggs were 
aseptically removed from the niches and cultured on agar. More than 
half of the eggs so cultured proved to be surface-contaminated with 
fungi. The Eolations were made in 3 different years. The first yeax 
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an unidentified species of Sporotrichnm was obtained from almost 
every egg. Several miscellaneous fungi were also obtained. These 
included Penicillium, Cladosporiumy MacrosjHrriuMy Fusariuniy and 
several kinds of yeast. In subsequent years the Sporotrichum was 
rarely found, and no other fungus was obtained with any degree of 
consistency. No culture resembling or any other nasidi- 

omycete was obtained. 

Some of the eggs proved surface-sterile; and when the larva hatched, 
it also was sterile. Paraffin sections of eggs and young larvae were cut 
and stained, and here also no indication of internally home fungi was 
found. 

CHiltures were made from the mouth parts and ovipositors of egg- 
laying females. These yielded yeasts, bacteria, and the usual assort¬ 
ment of molds; but 
no Basidioniyc e t e s 
were found. Cul¬ 
tures made from the 
frass of young larvae 
in sound sapwood 
also failed to yield 
the wood-r o 11 i n g 
fungus. These re¬ 
sults led to the con¬ 
clusion that these 
insects are of littl(‘ 
or no importance in 
the dissemination of 
Pe n iophora g iga n tea 
or other woo<|-rot- 
ting fungi. P. gi- 
gautedy wliich fruits 
abundantly on tlH‘ 
bark of dec'aying 
pine logs, is prob¬ 
ably wind-dissemi¬ 
nated, gaining access to the sapwood through holes in the bark 
made by insects or other means. Once under the bark, it finds the 
sapwood a favorable medium for growth. The sapwood is rapidly 
decayed, but the rate of invasion of the fungus is greatly decreased as 
soon as it reaches the heart wood. It can advanc*e only very slowdy in 
a radial or tangential direction unless aided by the larvae ol Mon- 
ocfiamm spp. or similar insects or by checks or cracks in the heart- 
wood. The MonochamuH larvae bore through the decayed sapwood 
and penetrate deep into the heartwood. The tunnel is a favorable 
place for fungus growth, and the larva, by frequent movement from 
one end of the tunnel to the other in pushing out its frass, is obviously 
a very effective aid to radial invasion by the fungus. Radial pene¬ 
tration having been effected, the fungus spreads rapidly through the 
heartwood in a longitudinal direction, it may be concluded, then, 
that Monocluimus ncutellatm and M^ notatm are of little significance 
as agents of dissemination and inoculation of P. gigimtedy but that in 
the larval stage they greatly hasten the invasion of the heartw^ood by 
the fungus. 



F/runtE a.—ChrysohothriH deuhpes: Fomult* on bark of a .V(»rwji> 

pine Iok; X I h. n. The same m the act of ovipositing in a crevice 
m the hark; X 1 *4 f', A ioiigitufllnal section through a tunnel 
.showing pupa, X Ui*. Note the frass tightly packed in the tunnel 
The closed miture of tiie tunnel resulting from the iioureiuoval of 
frass probably accounts, in part, for the slight influence of this insect 
on the devel<d>iiicnt of heartwood decay. 
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THE RELATION OF BUPRESTID BEETLES TO THE DECAY 
OF HEARTWOOD 

It will be noted in table 1 that a considerable number of buprestid 
larvae were found in the logs. These consisted mainly of Chryso- 
bothris dentipes (fig. 8), a smaller number of Chalcophora virginiensis, 
and several larvae of an unidentified species. There is very little 
correlation between the number of these beetles in a log and the 
amount of heartwood decayed. An examination of the tunnels made 
by these larvae also reveals no consistent association with the decayed 
heartwood. 

The buprestid beetles lay their eggs in crevices under the outer 
bark. The eggs hatch and the young larvae bore into the inner bark 
and feed for most of their developmental periocl in the cambium 
region. Later they burrow into the sapwoocl and occasionally pene¬ 
trate tlie heartwood but usually they do not go so deep as the Mon- 
ochnmus larvae. They develop more slowly and often do not pupate 
the first season; 2 or 8 years are required for completion of the life 
cycle. 

The activity of these larvae differs from that of the Monochamus 
larvae, (chiefly in the disposition of frass. This difference probably 
accounts, to a large extent, for the limited influence of the buprestid 
larvae on heartwood decay. The buprestid larvae, unlike the Mon- 
ochamns larvae, do not remove the frass from their tunnels. The frass 
is ])acked in the tunnel behind the larvae as they advance. The 
tunnel is alw ays closed and the larvae do not move to and fro in it (fig. 
8, T). Cultures made from the frass taken from buprestid tunnels 
yielded a variet v of yeasts and molds. No Peniophora or other Basidi- 
omycete was isolated from buprestid tunnels, while Peniophora 
giganiea was abundant in the tunnels of A/e/mcArrww.s* larvae. 

The failure of the wood-rotting fungi to develop in the buprestid 
tunnels may be due to several factors. The moisture content of the 
frass filling the tunnels is usually very high and may be too high for 
good growth of the wood-rotting fungi. The wood adjacent to the 
tunnels also is usually rather moist. Tunnels filled w ith closely packed 
frass obviously offer less opportunity for loss of water from the 
adjacent wnod. It is also possible that the yeasts and molds found in 
the frass or possibly some excretory product of the larva inhibits the 
development of the w ood-rotting fungi. 

DISCUSSION 

When a Nonvay pine tree is felled, it immediately becomes suscep¬ 
tible to insect invasion. The first insects to attack the felled logs are 
bark beetles. As previously shown,® these insects introduce yeasts 
and certain blue-staining fungi. The life cycle of the bark beetles is 
short and they are found in the log only one season. Certain wood¬ 
boring beetles also attack the log soon after it is felled. The life 
cycle of the w^ood-boring beetles is longer, and these insects may be 
found in the logs for 2 or 3 years. During this period practically all 
of the sapwood and much of the heartwood of infested logs decay. 
No evidence has been obtained in this study to indicate that the 
wood-destroying fungi are introduced by the wood-boring beetles, but 

« Leacu, J. (J , Orr, L. W., and Chrwtenskn, C. Sec footnote 3. 
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the two species of Monochamus do hasten the decay of the heartwood 
by providing a means for more rapid advance of the fungus or fungi 
through the wood in radial and tangential directions. The fungi, 
without such aid, spread yeiy slowly in the heartwood radially and 
tangentially but more rapidly longitudinally. Thus the insect infes¬ 
tation, by hastening radial and tangential invasion, greatly increases 
the rate of heartwood decay. Here we have an unusual insect-plant 
disease rclationsUp. The insect has no part in the usual role of 
dissemination or inoculation but is actively concerned with the process 
of invasion. 

The other species of insects observed in the logs generally confined 
their activities to the inner bark and outer layers of the sapwood. 
Usually they do not appear until this region is thoroughly infested by 
miscellaneous fungi; they apparently have very little influence on the 
decay of the log. 

SUMMARY 

As a part of a study of the interrelation of insects and fungi in the 
deterioration of Norway pine logs, the changes occurring in felled logs 
during the second and third years after felling were studied. During 
this period, in fully exposed logs, the entire sapwood and a considerable 
portion of the heartwood wore decayed. Peniophora giganfea wos 
primarily responsible for the decay of both sapwood and lieartwood. 

No evidence was obtained to show^ that this fungus was dej)endent 
upon insects for dissemination or ingression. It is apparently dissem¬ 
inated readily by wind and may enter through cracks in the bark or 
through holes made by several species of insects. 

The decay develops very rapidly in the sapwood but advances more 
slowly in the heartwood. Its spread in the heartwood is especially 
slow radially and tangentially but is more rapid in a longitudinal 
direction. 

Several different species of insects wrere found in the logs during the 
period. Two species of cerambycid beetles {Monochamus scutellatus 
Say and Af. nofaius Drury) and two spe(‘ies of buprestids {Chryso- 
bothris dentipes Oermar and Cfuilcophora virglniensis Drury), were the 
most prevalent wood-boring beetles. 

There was a fair degree of correlation betw een the number of Mono¬ 
chamus beetles in the logs and the amount of heartwood decayed. 
The lai’vae of these insects appear to hasten the decay by facilitating 
the radial and tangential invasion of the heartwood by Peniophora 
gigantea. The open larval tunnels formed by these insects are espe¬ 
cially favorable for the spread of the decay. 

The buprestid beetles have little influen(‘e on the rate of decay of 
the heartwood. The closed buprestid tunnels appear to be less suited 
for the spread of decay, and possibly ttiis condition is largely respon¬ 
sible for the failure of these insects to influence the rate of decay. 

Other species that inhabit the bark and outer layers of the sapw^ood 
appear to have little influence on wood decay. 



STUDIES ON THE INHERITANCE AND DEVELOPMENT 
OF FRUIT SIZE AND SHAPE IN THE TOMATO^ 

By A. F. Yeager 2 

Chairman of the department of horticulture and forestry, North Dakota Agricultural 

Experiment Station 

INTRODUCTION 

The investigfltioii described herein is concerned with tlie inheritance 
and the development of fruit size and shape in tomatoes. Lociile 
number of the fruit, because of its apparent association with size and 
shape, was given special attention. 

HISTORICAL REVIEW 

The tomato was one of the early plants used in genetical studies after 
the rediscovery of Mendel’s law, and shape was among the first 
characters Jiientioned. Hedrick and Booth (Jf) ^ as early as 1907 
listed a shai)e factor. {Price and Drinkard (74) mention round as 
dominant to pear shape, round-conic dominant to round-compressed, 
two-celled fruit dominant to many-celled, and smooth surface dominant 
to rouglO 

Various hypotheses have been advanced as to the number and 
relation of genes to size and shape. Frimmel {2) held that fruit size 
is complex, depending on cai’])el size and the degree of fasciation, with 
carpel size intermediate in Fi, and fasciation recessive. J.esley and 
Rosa (7) stated that oblateness is inevitable for size. Lindstrom 
((S’, It) reported genes Pp and Yij linked with a major size factor. 
Later {9, 10) he suggested as allelomorphs oval, round, and oblate 
linked with Dd and Pp, and reported shape and size correlated. 
Ma^Arthur {13) gave 10 linkage groups involving 20 genes, but did 
not include locule number us one of these, (^irrence (/) reported 
significant association between fasciation and fruit .size, suggesting 
that factors affecting fruit contour probably also affect size. 

Sinnott (/o), working with Pycurbita, traced the histological 
development of shape and size. He found shape determined in the 
earliest ])rimordia of the ])istillate flower, and that cell division had 
ceased at the time of anthesis. f Houghtaling’s (5) studies with tomato 
have supplied tlie reason for the correlations between ovary and fruit 
measurements reported by Hackbarth et al. (3) bi crosses between 
Lysopersicou AfilL escyleniiim and L. racemigenim,^ She found that a 
differential rate of growth occurs at earliest primordia, ceasing in 
L, esculerdum at anthesis, at which time cell division is complete. 

There has been some confusion in the use of terms. The fasciation 
reported by Frimmel (2), Warren (IS), and Iloughtaling (o) evidently 

1 Ueiselvod for publi(^atlon Dec. 14.1930; issued August 1037. Paper no 24 of the Journal series of the 
Norih Dakota Agricultural E\t>erimeiU Station. 
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refers to an increase in the innnber of lociiles or, as Price and Drinkarcl 
(14) call them, cells. On the other hand, Ciirrence (7) and MacArthiir 
{12) refer to rough fniit without regard to locule number. Such 
confusion is easily accounted for by the fact that in the many-loculed 
fniits roughness is much more easily seen. 

MATERIALS AND METHODS 

The seinl stocks used in this work were procured from the following 
sources: The department of genetics, Iowa State C\)llege; the depart¬ 
ment of horticultiire, Nortii Dakota Agricultural (\)llege; and com¬ 
mercial seedsmen. Fruit shape, i. e. polar and equatorial diameter 
ratio, was determined, unless otherwise stated, by the use of calij'ers. 
Locule number was determined by sectioning. Ovary measurements 
were made by the use of a low-power microscope and an eyepiece^ 
micrometer. Wherever possible, the mean of 10 fruits was used in 
determining fruit and ovary shape and locule number. 

In this investigation the locule number will be dealt with, tin* 
suggested gene symbols Lc (few) and Ic (many) locules being used, 
as distinct from the Ff (rough fruit or fasciation) genes. 

For shape, o (oval) will be used to indicate a polar diameter 1.2 or 
more times the equatorial diameter, 0 (round) for a ratio of 0.95-1.2, 
and O' (oblate) for a ratio less than 0.95. 0' is tised for convenience 

only, inasmuch as the existence of this suggested allelomorpli has not 
yet been proven. 

Standard error rather than probable error is used. In all correla¬ 
tions, one asterisk (*) indicates a significant correlation and two 
asterisks (**) a highly significant one. as calculated from table 10 of 
Wallace and Snedecor {17). 

The following known genes are involved in this study: 

Ih! standard-dwarf plants. 

Oo oblate-oval fruits. 

S« simple-compound flower (’luster. 

Rr red-yellow fruit. 

Yy yellow-clear skin. 

Spsy indeterniinate-determinate plant. 

Cc cut-potato leaf. 

.*4a purple-green stem. 

T2 green-1 utescent foliage. 

EXPERIMENTAL PROCEDURE 

SIZE, SHAPE, AND LOCULE NUMBER CORRELATIONS 

Quantitative characters may often best bo studied by determining 
whether they are associated with qualitative ones. It was decided to 
approach locule number in this way. Crosses were therefore made in 
which the parental stocks differed in locule number and in other 
characters which could be separated readily. F 2 and backcross prog¬ 
enies were then classified according to these, and their relation to 
mean locule number determined. 

In table 1, under A, B, and C, such tabulated F 2 generations and 
backcrosses will be seen. In these it will be noted that there is a 
significant association between locule number and the first-chromo¬ 
some-linked genes Dd Oo Ss, but no association with the Rr genes. 
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In B, the backcross population is divided into two classes 0 and O', 
rather than 0 and o, because the plant used in test crossing was oblate, 
producing when crossed with o a roiuld fruit, and when crossed with 
0 an oblate fruit. 

Populations D, E, F, and G show ‘^dwarP^ coming into the cross 
associated with many locules which is the reverse of the crosses in 
A, B, and C, but again there is no significant association with Rr and 
Cc. Population H involves Yy^ and here again there is no evidence 
of association. This close association between genes of the first 
chromosome and locule number does not, however, prove the existence 
of any gene for locule number. Locule number might perhaps be an 
indirect effect of the shape gene, or of size previously reported as asso¬ 
ciated with first chromosome genes by Lindstrom {10). 


Table 1. Association of (ertai/i tomato cltaructei istivs with locale member 


Popiihitions « urni pamith 
(Sec p /») 


('2p)pOJItc 
Ci) d o 8 Lc 


H hackcross 
(26) DOIfk 


2S)DOIfk (uu<tO'rlc 
{[ifdor Lc ^ Yi O' r lc 


r Fa 

(IKsoii) Oh' 
(ypliow PcHr) 0 7-t’ 
O-backcros^^ 

( 4 ») <i lC ^ ,llr 

(HI /) U dl( 

K-backcross 


d O' r h ^ (491 <1 O' i /• 


F- hackcros«! 

rfjr r d lc 

UO) CDLv ^ cll If 

0-barkcr<iss 

(9) D Lc ^ d lc _ 

(STTTc ^ d k 

H- F, 
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(48) y Ic“ 
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41 

d 
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Y 
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32 

11 
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11 
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» The capital letters A-H refer to porMilations; the nunibers in paieuthesis to t he 'strains of ff)inatocs used. 

As a means of studying the relationship of locnilo ntiniber (o shape 
and weight of fniit, correlations were <‘alcula.ted between these 
character in several F > and backcross populations. These are shown 
in table 2. Under popidations A and B the larger parental varieties 
have the greater number of locules. The progenies in every case 
exhibit highly sigilificant correlations between size and locule number; 

locule number; and shape and weight. 

This is true even under A where the laig;e many-locided parental 
variety has oval fruits. ISo explanation for this is offered at this 
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point. It is mentioned merely to emphasize tlie point that there is 
a strong tendency for many-loculed fruits to be oblate. 


Table 2. —CorreJations ^ between locAiles, weight, and shape in various F 2 and 

hacker OSS populations 


Population and 
number of plaid 


A 207 
B 70 . 

(^-2H . 
J)-47 _ 

E-16.. . 



Weight 

and 

locule 

number 

W'eight 

PoiiiKreo 

and 

shape 

fOhio Pod^ I'lrjie, ovnl/r 

^Yellow C'herrir) SIP nil. round Lc 2 - - 

70 

**0 30 

(OxiiearL) birjio /r 

(Yellow (''berry) small Lr ^ 


** 37 

0.0 larce n Lc 

(3(i) small 0 /f ^ ■ 

.32 

(M‘ 

(lO large » Lc large Olr 

{,\Ui small fargeO /r - - - - 1 

.17 

(H) 

(10) large 0 Ic large O lc \ 

(30) small 0^ ' laige 6/c ' ---- 

l.'i 

* :>s 


Locuio 

number 

and 

shai)C 


'•(). 12 
** 47 
S.*) 

♦ ai 

.40 


1 *-.si}:niMeant correlation, **== limbiv signiMeant 


Data from crosses beiwoen comparatively large tomatoes with few 
locules and smaller many-locnled ones w'Oiild seem I 0 afford some 
possible cine to the (*ausal relationship betw een size, shape, and lociile 
number. Small, maiiy-lof'uled varieties not being available an 
attem])t was made to produce them. Crosses were therefore made 
betw^een Bison, a large, many-loculed oblate tomato, and Red C^irrant-, 
a few-loculod, round one: and also betw^een Bison and Yellow^ f^herry. 
These, carried through several generations, did give pure oblate 
strains wdth many locAiles which had smaller fruits (42 g.) than those 
of the largest tw^o-loculed oval varieties (^(i g.). The synthesis of 
such a line indicates that locule number is not a. mere seconda,ry eflect 
of size. These synthesized lines did not, however, have smaller 
locules than those of the small two-loculed parent, but (‘arried a. larger 
number of similar sized locules and the fruits were therefore not as 
small. Likewise, the large two-loculed variety, while very large for 
a twro-loculed sort, did not e(|ual the weight of the common, many- 
loculed, large fruits except in weight per locule. 

Under C in table 2 arc found the F 2 results of the cross hetwr^en a. 
small, many-loculed and a large, few'-lo(‘,uled tomato. In detennining 

, w -/efpiatorial diameter\ . 

shape correlations the ratio of^ polaVTliameter a 

a shape index, with classes from 0.00 to 1.80 at 0.10 intervals. Under 
D and lii are found the Fj results of such a cross backcrossed to large, 
many-loculed forms. It may be noted that wdiile correlations exist, 
they are small in the case of weight and shape, except under E where 
the population is small and the correlations are not highly significant. 
The correlations betw^een locules and weight are likewise not signif¬ 
icant under C, D, and E where the smaller parent is many-locidod. 
Tliis is in contrast to A and B where the large-fruited parent is many- 
loculed and where such correlations are highly significant. 

Partial correlations may bo used in studying the relation between 
size, shape, and locule number. Such correlations as those presented 
in table 3 show" that when the parental Ic stock is the smaller-fruited 
the correlation between shape and locule number is practically 
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unclian| 2 :cd if weight be eliininated; that the correlation between locules 
and weight likewise remains about the same when shape is eliminated, 
but that the correlation between weight and shape becomes negative 
when locule eilect is removed, thus indicating that weight and shape 
are associated because of their mutual association with locule number. 
These data throw much doubt on tlie possibility of oblate shape being 
the cause of largo size. A possible hypothesis would be that the small 
locules in the oblate parent tend to remain associated with oblateness 
in the progenies and to cause tbe oblate tomatoes in the ¥0 and test 
crosses to be sjnaller, while the many locules carried by the same parent 
tend to increase the size of tomatoes ])ossessing this character. 

Lindstrom (8) concluded that locule number did not ap])reciably 
inlluence fruit weight, with equatorial diameter held constant. Since, 
however, equatorial diameter itself is a measure of size and ])erha])s 
also partly the effect of locule number, the shape index is used in this 
study instead of ecpiatorial diameter. AYhile the data of table 3 show 
significant correlations between locule number and weight, these are 
not so large as those between locule number and shape. This pheno- 
tyj)ic association of locule number and shape has led to the work on 
the inheritance of locule number set forth later in this paper. 

Tai^lk 3. "Shn/de and fforiial correlations hetv een ^ ninnher of locales, ircighi and 
sha/fc ‘in F>i populations and hackcrosscs ‘involving synall oblate 7nany-lociUfd a?id 
targe oral d^toculcd tomato rarieties 
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Figure 1 de])icts the distribution of Fo and backcross populations 
from crosses between few-loculed and many-kx'uled plants. In both 
cases there are bimodal distributions with the low point falling at 3.0 
locules. This, together with the fact that in crosses between few- 
loculed varieties and many-loculcd ones the Fi is two- to threo-locided, 
suggests this as a natural point of division between Ic (many-loculed) 
and Lc (few-loculed). In the case of the F 2 , approximately three- 
fourths (133) of the population would thus be classed as Lc and one- 
fourth (49) as /c, which fits a Mendalian 3:1 ratio with P^(). 74 . In 
the backcrosses the division of tbe pouulation above and below this 
point is in the proportion of 1 : 1 , namely 84:83. A single major gene 
for locule number is therefore proposed. 

.*17- 
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If locule number is due to a gone /f, the production of an 0 Ic 
tomato should be possible. vSteps were taken to synthesize such a 
variety and the outcome was successful. In the meantime a pine 
variety (no. 15) evidently having the same combination was selected 
from a strain from »1. W. Lesley of California. '^Phis was used because 
it also carried the recessives (i and .s*. This form, carrying genes for 
oval with many locules, had phenotypically rouiul fruit, according to 
hypothesis, because the added locules offset the phenotypic effect of o 
if this tomato were crossed witli one carrying Lc and 0^ the F 2 should, 
if the hypothesis is correct and linkage not too great, give some plants 
which would be o Lc, and the fruit thenffore oval. This procedure 

was followed and oval- 
fruited plants ap¬ 
peared as expected. 

A backcross between 
the Fi and rfrf, 00, sn, 
Iclc gave similar results. 
Here oval, two-loculed 
tomatoes appeared 
from parents both of 
which ^\ere phenotyp- 
ically round. 

Assuming that the 
round, many-locuicd 
tomato (no. 15) did 
carry 00 but, because 
of many locules was 
j)henotyf)ically round, 
and that many locules 
are rece.ssive to few, a 
(‘ross between it and 
an LcLc 00 tomato 
should give in the P '1 
not a round but an 
oval, fe^^-loculed fruit. 
Such a (TOSS was juade 
and it fulfilled expec¬ 
tations. The F 2 and 
back(Toss populations 
disclosed no 2-loculed, 
round-fruited plants nor any many-loculed ovals, but as the number 
of locules increased the shape changed to oblate. 

Data have already been presented in tabh' 1 whi(*h suggest linkage* 
between locule numbcT and first-chromosome genes. Tabh* 4 giv(*s 
rlata showing the amount of this linkage with Ss and Dd, Thes(* 
furnish a basis for the location of Lcic on the chromosome map. 
Kach population slu.ws linkage between Ldc and Ss with a moan 
cross-over percentage of 20.5. Betw een Lclc and A/, how^ever, then* 
is a mean cross-over percentage of 4().9. From these data it would 
seem safe to suggest that there is a gene for increased locule number 
(Iclc) linked with one for (iornpound cluster (,s‘.s) and that its locus is on 
the opposite end of the chromosome from Dd. Witli a 20.5 percent 
cross-over value between Lclc and Ss, as calculated here, and more 
than ;50 units between Dd and according to MacArthur, the linkage 
betw i*en Dd and Lclc should be very slight, as the figures in table 4 show . 



LOCULES (NUMBER) 


Fu.i KF I -M'KrtTJilion of acconliiiK to lociilo iiiinilHT 

Of tilt* parcnlal stork.s uso<l Sunns<‘, Yollow iVai. ;iu<l Kod I’r u 
wore two- to thm'-lociiU'd, I.'i and Uisou won* four- to tivo-i<jculod 
l.ociik* numbers won* ohtmnod by securinn tbo moans of fruits 
oil oach plant which accounts lor plants cla.ssifn**! as ha\jnn 2.') 
loculch per fiuit, etc 

A, Combined snnnsc^ *"”*“*^ n.wT br...r‘ 
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How IVar ' 
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Table 4. —Linkage relations of Ir to s and d 
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OVAL FRUITS NOT ALWAYS DUE TO THE « GENE 

In the study of inheritaiiee of size and shape the Oliio Red variety 
wjis used beeause it is lar^e in size, nearly oval in shape, and each 
I'ruit carries several locules. One of the tirst crosses made with this 
\ariety was with a tomato <‘arryin^ <ld rr oo LvLc. In the 1% from 
such a cross 04 plants amon| 2 : a total 2r)<> were classed as oblate, and 
7") as round. The appearance of oblate-fruited plants in the F 2 in 
ciosses between these two oval varieties would indicate that the two 
ovals are not due to the same gene. Inasmuch as there was some 
|)ossibility that the Ohio Red used in this cross was not genetically 
|)ure, another cross was made between Yellow rium and a new stock 
o! Ohio Red secured from the Department of Oeneties of Iowa State 
College which had been carried through several generations and found 
|)ure. Here again (i of the 47 plants carried ilecidedly oblate fruits 
and 5 were round. 

Further evidence for the belief that the large oval differs from o is 
found in the fact that wiiile crosses between 00 tomatoes and 00 two- 
loculed varieties produce an oblate Fi, Ohio Red in such cases gives an 

intermediate slightly oval ^ 

In F 2 populations it was found impossible to lit the iirogeny to 
a simple xMendelian hypothesis, ^^ultipl(‘ factors are therefore 
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siiggestod. Atteiui)ts to detect liiikaj^e witli the genes lJ(f Rf\ Yf/j Aa, 
Lly (y, and failed, witli the exception of 7W, and even this w^as 
inconclusive, and may have been due to the association of Pd with 
differeuces in locule niiniber present in the parent stocks. 

thb: development of shape 

Ill connection with the study of the inheritance of sha])(' and size 
in tomatoes, measurements were made of the length and width of the 
ovaries at the time of anthesis, and these weie compared witli similar 
measurements of matuie fruits from the same plants. The correla¬ 
tions between such measurements are shown in \ of table o for an F 2 
population of a cross between Yellow Fear, small-oval: and Bison, 
large-oblate. B giv('s similar figures for a group of plants of many 
varieties, excluding Ohio Red and Oxlieart. C shows a cross involving 
Ohio Red, The correlation between the shape of ovary and the shape 
of the mature fruit in A and B is very striking, so great in fact that it 
seems probable that with ordinary varieties such measurements might 
be a better indication of the actual genetical constitution of the ])lant 
than the measurement of mature fruits, since the amount of seecl and 
growing conditions have considerable effect upon the shape of the fruit 
when mature. 


Table 5. —Cot relation,^ hetueeu ovary rneasurevu nfs at anthcHis and mattiic frait 

at COSO re meats 


PopnlHtion 


(Vi’llow . 

” (Bison) 6 ' - 

B — Miscellanmis v.ir;t*lies 

r_<•«)--« K. 

(Ohio Red) larw-oxul 


' See footnote 1, tiihle 2. 
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These data are in line with those of Haclvbarth et al. (8) who found 
a high degree of correlation between size of tomato ovaries and mature 
fruits, lloughtaling (|5) explained this as the result of a differential 
growth rate which exists from earliest i>rimordia until anthesis l)y 
which time cell <livision is completed. Increase in size thereafter is 
due to an increase in cell size. Contrasted to this is the (‘ondition in 
Cucurbita. as reported by Sinnott and Kaiser wdiere differences in 
fruit shape exist at earliest primordia, and in Capsicum wdiere (liffer- 
ences appear after anthesis, A (‘ondition similar to that in Cucurblia 
wuxs also reported in ciicumbers by Hiitchins (f>) and in watermelons 
by Weetman {10). 

With large-oval it will be noted (C in table 5) that length correlation 
is not significant. Measurenients of the developing ovaries of Ohio 
Red revealed that at anthesis the ovary is round but that length 
growth proceeds faster than width until the fruit attains one-third its 
full length with the result that the mature fruit is oval (fig. 2, 7). The 
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inference is that the diilerential growth rate which Houghtaling (6) 
found to cease at anthesis continues much longer in this case. Histo¬ 
logical studies showed that cell division docs continue thus after anthesis. 
This is more evidence that large-oval is not the result of the o gene. 

THE DEVELOPMENT OF , , - ^ f -\ ^^ 

PEAR SHAPE / / / \ 11 

Fear shape has been 11 II / / N\ 
something of a puzzle \Ss^^y l( \\ 

since the earliest genei- (1 I ) ff \\ 

ical work with tomato. jj JJ II jj 

It was first used as the / j \yV jU 

designation for length- U 

ened fruit shape but was A ^ 

later replaced bj^ '^)val.’' B ' 

While an examination _ 

of developingo varies IV- / ^ ^ -n. 

veals that oval shape / I / \ j \ 

may be detected long be- / \ / \ V / 

fore anthesis, pear shape / \ \ >. y 

isoftennotevidcntuntil / \ 1 \ 

near blooming time. At [ | I j ( } 

anthesis in pear-shaped V J \ /V J 

varieties, the ovaries ^ 

have th(‘ appearance of ^ ^ /r 

being molded into pear _ 

formby the constricting T j 

effect of the cone forming V x f \ 

corolla tube around the / \ -^ j 

pistil. Longitudinal sec- / \ / \ V J 

tions at various times f \ I ] V ^ 

show that the seed ca,v- 1 / \ } 

ities extend internally V J \ J 

into the base of the ovary q ^ 

until theexternal,necked G H T 

appea-rarii e is \ isible 2 — Developmont of fH‘arshai>e.. L Some time heforeaiiihesis; 

under a hand Jens (tig. /f, at anthesis. c; Mature frmt, note shift m location of loeule. D-G^ 
9 \ Fnut shapo variations to i>e found on the same plant, /’and G un- 

^ vi, />, i. ^ doubtodly having been caused by persisting corolla tube constric* 

(reneticallv identieid n» Fruit resulting from a blossom of the pear variety from whicn 

oiwujv uALiioiviu the corolla tube HUS removed some time before anthesis. A Shape 

StOCivS raised in diner- changes m large oval tomatoes such as Ohio Red. a. At anthesis; 6, 
ent environments may faded; c, from one-third mature fruit length to maturity. 

vary in the degree of pear shape in mature fruits. For example, two 
groups of plants of a Rod Pear variety wore raised, one in the field 
and tlie other in the greenhouse. The crop in the field was typically 
pear-shaped, tlio one inside had few distinctly pear-shai>c(l fruits. 
Even on the same plant some specimens may bo markedly pear-shaped 
and others oval but not pear-shaped. Occasionally fruits may be 
grooved in the middle or with the neck of the fruit showing an added 
constriction. When these were first seen on plants in commercial 
breeding blocks the plants were discarded as being rogues, but, an 
examination disclosed remnants of the corolla tube. This suggested 
that pear shape might be induced by the fused corolla tube. If this 
is so, an early removal of the corolla should result in the production 
of fruits without a neck. Such an operation on blossoms of the pear- 
shaped tomato did produce this effect in some cases as will be noted in 
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figure 2, II, Pear shape may therefore be a secondary effect of a. 
constricting corolla-. This does not mean that this tendency is not 
inherited, but it does throw some light on the reason its inheritance is 
difficult to study. Not only was pear shape not evident in some fruits 
developing from flowers the corolla tubes of which were removed early, 
but in several instances, such as the one shown in figure 2, //, the 
resulting fruit was round rather than oval, suggesting that oval shape 
itself may be an induced condition. 

Typical ])ear-shaped fruits were also produced artificially by cmi- 
striction during the period of cell division by the use of a thread tied 
around the blossom buds of ordinary plun^-shaped tomatoes at an 
early stage and removed at an thesis. 

DISCUSSION 

Any study of the inheritance of fruit size and sha[)e in the tomato 
plant reveals that the matter is complex. Environment is well known 
to afl'ect both characters. The vegetative vigor of a plant may greatly 
affect the size of a fruit. This being true, genes not directly related to 
size and shape of the fruit in such a plant as the tomato but which 
affect its general vigor and other plant characteristics, as suggested 
by MacArthiir (i;?), have their effect. When genetically differei»t 
plants are grown where there is variation in external conditions, such 
as temp('rat\ire, light, soil, and parasites, the effect of the diffiTent 
genes will be modified. Even on the same plant, conditions differ 
enough in diflerent pa.rts to affect size and shape. 

During the fi years of this investigation many tomato (Tosses w(Te 
made and studied in an attempt to learn more of the development 
and inheritance of fruit shape and size. It was found that there is a- 
high degree of association between locule number, size, and shape, 
and that an association exists between (pialitative first (fiiromosome 
factors and locule number. By means of partial correlations the 
existing correlations between shape and weight were shown to be 
due at least in part to their mutual correlation with locule number. 
Locule number was found to segregate in a. ratio of 3:1 of few to 
many-loculed plants in F 2 pojnilations, and in a ratio of 1:1 in back- 
crosses, the dominant group carrying two to three locules, wdiile the 
recessive group carries three and one-half and nnme locules. A round 
tomato with many locules has been shown to be 00 Idc by means of 
crosses with two-loculed round tomatoes and two-loculed oval toma¬ 
toes. Linkages with first chromosome genes were calculated which 
demonstrate that the Lclc locus is on the opposite end of the chromo¬ 
some from Dd beyond the locus of Sfi. The presence of this gene for 
locule number may have an effect on size of fruit by an increase or 
decrease in the number of locules without affecting size of locule. 
This relationship is not fully demonstrated and even if it were it would 
not ac(‘ount for all size differences. Obviously there are other size 
genes, since oval two-loculed tomato varieties are known which differ 
from each other by several hundred percent. Thc'i same is true of 
round two-loculed sorts. More work is needed on the iocule number 
and size relationship. 

The existence of the genes Lclc is of great importance in acuxninting 
for variations in tomato shape. The genes Oo which affect gross fiuiit 
shape through their effect on locule shape together with Lclc which 
affect shape by varying the locule number, provide a key for explaining 
gradationsasfollovs: OLc- round,0/c—oblate,oZc—oval,andu/c—round. 
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Corrolntions between the ovary and the fruit have confirmed the 
findings of others that with most varieties the size and shape of toma¬ 
toes are rendered predictable at blossoming time by measuring the 
ovaries. Observations have shown marked effects of environment on 
pear shape. Mature fruits have been observed in wliich a })crsistent 
corolla tube has obviously caused constrictions. Early removal of 
the corolla has resulted in fruits without pear shape on plants where 
control blossoms ])roduced pear shape. These suggest that pear 
shaf)e is probably induced by the constricting effect of the fused 
(‘orolla tube. 

The importance of such devdopmental studies is emphasized by the 
differentiation of two groups of oval tomatoes recorded in this pajjer. 
The oiK^ ty]>e symbolized by o is composed of the usual comparatively 
small-fruited varieties in wliich the final shape and size is fixtMl at 
blossoming. The other, including the larger-fruited varieties, may 
due to a complex that (‘auses continued elongation. When this is 
superimposed on the genetic com])lcx producing a round tomato, it 
becomes oval, and upon an oval tomato, extrtune length is the result; 
but when added to an otherwise oblate tomato the result is round. 
The nature of this complex and its inheritance has not been cleared up. 
In order to clarify this it would seem desirable to use only LcLc 
varieties for both panuds. This would recjuire either the discovery 
of, or the synthesis of, a pure elongated LcLc stock which might recpjire 
considerable time and labor. If this were done it is possible that the 
existence of a single major gene for continued elongation could be 
demonstrated. Such confusion as lias been observed to date may be 
only the effect of Oo, Lclc, and perhaps other recognized genes such as FJ. 

Practical breeding work has demonstrated the possibility of re¬ 
combining Ooy Lclcy and the fa(*tors for elongation. (Vimparatively 
large, very oval, few-loculed strains from Iowa State College, when 
crossed with Early Jumbo, a large oblate, have resulted in lines closely 
resembling Oxhearl. Oxheart, a large, many-loculed heart-shaped 
fruit, when crosseil with Yellow Cherry, resulted in segregates that 
were very oblate, small, and many-loculed. Ohio red crossed with 
Yellow^ Pear has given extremely long, few-loculed segregates. While 
tlu*se (‘xainples are not offered as a definite proof of tlie existence of a 
single gene for added elongation they do ])oint toward no more than 
a rather simple complex. 

CONCLUSIONS 

1. There is significant correlation between shape, size, and locude 
number in tomato fruits. Part of the correlation between shape and 
size is due to their mutual correlation with locule number. 

2. A major gene for locule number exists. Two to three locules, 
Zc, is dominant over three and one-half or more locules, Ic. 

3. The locus of Lclc is on the first chromosome beyond Ss wdth 
about 20 percent cross-over. 

4. The effect of Ic when associated with o is to produce a i)heno- 
typically round tomato. 

5. ’\\ith most of the tomato ^a^ieties, the size and shape of the 
matured fruit is predictable from ovary measurements at anthesia. 

0. Pear shape is probably due to ihe constricting effect of the lused 
corolla tube. 

7. Oval tomatoes in some cases are the result of genes other than o, the 
effect of wliich is to continue the elongation of the ovary after anthesis. 
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AN UNDESCRIBED POTATO DISEASE IN WEST VIRGINIA' 


By C. R. Orton, plant pathologist^ and L. M. Hill, graduate assistant in plant 
pathology^ Department of Plant Pathology and Forestry^ West Virginia AgrienU 
tural Experiment Station 

HISTORY 

In 1931 a disnase was oliserved on a few scattered plants of potato 
{Solanvm iuberomm L.) in Preston County, W. Va. Since then it has 
sj)read steadily and has become a limiting factor in potato production 
in certain districts of the State. Tliis disease has been observed also 
in Peimsylvania and Maryland. Altitudes, soil types, and moisture 
conditions have not appeared to be significant factors in the distribu¬ 
tion or the intensity of this disease, nor does it appear to be influenced 
by fertilizer treatments. 

All strains of Rural, both russet and smooth, are very susceptible. 
The Irish Cobbler strains and Green Mountain, Early Rose, Cfliippewa, 
Katahdin, and other varieties grown in West Virginia have also been 
attacked. The early varieties are less fre(iuently diseased, possibly 
l)ecause they mature before the peak of infection is reached 
The origin of the dis(»ase is unknown. Some observers believe that 
it has been present for 12 years or more. The importance of the disease 
with resj)ect to yield depends largely u])on the stage of development 
of the potato plant at the time of infection. One field which showed 
nearly 100 percent severely infected plants in 193.’) yielded less than 
10 bushels of United States No. 1 tubers per acre. Similar ca.ses were 
ri corded in 1930. 

DIAGNOSIS 

MACROSCOPIC SYMPTO.MS 

The first external symjitoms are a dwarfing of the upper stem, ac¬ 
companied by a folding ui)ward and narrowing of the terminal leaf¬ 
lets (pi. 1, A). This is soon followed by a paling of the foliage, and in 
Rural varieties by the. appearand* of a purplish tinge on the margins 
of the younger leaflets. Soon the rest of the foliage fades, and in the 
Rural varieties the stem assumes a purplish color. Wilting follows 
rapidly and the ])lants make an attemjit to recover by sending out 
axillary shoots which may reach a length of 3 to 0 inches. These 
shoots present symptoms similar to those observed on the primary 
terminals. They are short-lived, and the whole plant dies a week or 
10 days later. Aerial tubers have been observed rather frequently 
but may be the result of other causes. 

The roots have a dull color, are reduced in size and length, and 
break easily when the jilants are pulled. Tuber ])roduction is depend¬ 
ent upon tile time of infection. Plants which become infected before 
tuberization produce few if any tubers of marketable size. Only the 
plants whhdi become infected at about the time of maturity may pro- 
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duce a normal yield. The intermediate periods of infection induce 
corresponding- effects upon yield. 

While the time of infection and the ])eriod of incubation have not 
been determiTied, it is known that the plants generally die within 2 
weeks after tlie appearaiice of the first unmistakable symptoms. 

The internal macroscopic symptoms which are of the greatest diag¬ 
nostic value are as follows: A general brownish discoloration of the 
vascular rejrion which begins at the base of the stem prior tn the ap- 
pearan(*e of foliage symptoms, and progresses tlirough the roots, stem, 
and stolons into the tubers, and an occasional rusty s])ot which is 
usually present in the lower pith region of the stem and often through¬ 
out the stem pith. Oidy the (‘ortical region shows necrosis in cross 
or in longitudinal sections of the roots. The stolons present a picture 
similar to that of the stem. Necrosis in the tubers is very (‘haracter- 
istic. There is a pronounced and intense browui discoloration at the 
point of rhizome attachment. From this region inward a branched 
system of necrotic woody strands extenrls tlirough the vascular re¬ 
gion, involving one-(|uarter to one-third of the entire vascular system. 
At the same time numerous strands, often dendritic in apjiearance, 
extctid less deeply into the internal storage parenchyma. A trans¬ 
verse section of the tuber just inside tlie point of stolon attachment 
discloses a picture similar to tliat found in net Tiecrosis, although it is 
less extensive in the internal parenchyma (pi. 1, /^, ('^). The tubers 
do not rot in storage unless invaded by secondary organisms. 

MICROSCOPIC STUDIES 

The material for study in 1935 was obtained from a commeri-ial 
field of Russet Rural in Preston County. This field w as relatively free 
from all other diseases. The material was fixed in forniol-acmic- 
alcohol, and the usual methods of <lehydrating and embedding in 
paraffin were irsed. Stem sections were cut 15 microns and all other 
parts 10 microns in thickness. Flemming’s modified triple stain was 
used exclusively. The material for study in 1930 was obtained from 
the descendants of the foregoing crop of 1935. In addition to this, 
specimens from caged and uncaged healthy plants were obtained for 
comparison. All sections were cut 10 microns in thickness. 

The most conspicuous anatomical feature to be noted in the young 
leaflets is the marked changes which take place in the palisade and 
mesophyll tissues (pi. 2, and B). While the palisade cells in the 
diseased leaflets do not reach normal size, the most remarkable change 
is brought about by the laterally crowded condition of these cells and 
by the consequent closing of the large intercellular spaces which an* so 
evident in healthy palisades. A secondary palisade is frequently 
found in the diseased leaves. Similar changes take place in the spongy 
mesophyll, where the intercellular spaces are greatly reduced by the 
crowding of the cells. The efl’ect of these* changes is reflected in the 
narrowdng of the lamina, but no marked reduction in thicknes^ has 
been seen. There is no appreciable change in the tissues of the petiole 
if necrosis is not present. 

These changes are accompanied by a depletion of the chloroplasts 
during which they lose their starch as wtII as their normal vacuolated 
appearance. (Consequently they appear empty or contain only a few 
stainable threads and soon they lose their regular outline, collaf)se, 
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Plate 1 



^1, Lfittt symptoms of ft diseased Russtd Rural iKitato plant showing upward foldin'? of temiinnl leaflets ami 
development of axillary shoots. Transverse section of stememl of tubershowinfi necrosis. C\ Longi¬ 
tudinal sect ton of tulw showing necrosis in vascular region and in the fundamental tissues. 
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PLATE 2 



A, Tninsyerse section of healthy petiole and laminae showing intercellular spaces in palisade tissue; note the 
angle of attachment of the laminae to i>etiole. X 130. B, Transverse section of diseased petiole and 
lanunac showing absence of intercellular spaces In palisade; prominent nuclei throughout palisade: and 
the sharp angle of attachment of laminae to petiole. X 130. 
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Plate 3 



.4, Healthy loiiima, note larpe intercellular spaces and normal shape and position of ohloroi>lasts X 750. 
B, J)iseased lamina showiiift absence of intercellular 'Spaces, prominent nuclei; secondary palisade; and 
depleted chloroplasts which are dilfiised throughout the celK X 750. 



A, Transvprsp sect ion of ruth necrosis In lower stem with collapsed cells and granular dcfiosit X MO. 
B, 'i'ransx erso section of root showing phloem and cortical necrosis. X 240. 
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Plate 5 



1. rnin^uTso thniuirli pliloi'ui of healthy tuber showing normal storace of starch Rrniii';. X 

B, "JYansvei'so ‘.ection ol disease^l tuber shot^uifr phloem, \.\lom, and parenchvma necrosis with \essel 
hlled w If li granular mass, note absence of starch grains adjoinmc necrotic areas X 2r)0 





A, Progressive stages in starch dissolution. The black center of small spheres is t he hiliim which disappears 
in late stages of dissolution. B. 6, Final stage of starch dissolution leaving a threadlike mass around 
nucleus; a, healthy cell with normal starch grams. X 275. C\ a. Normal palisade wlls, X 27,*); b, normal 
mesophyll cells, X 275; c, normal ctiloroplast in mesophyll, X iiW); d, normal chloroplasts in pali>ade, X 980, 
f and /, palisade and mesophyll cells, intermediate stages of depletion of chloroplasts. V’acuoles have 
disappBared leaving chloroplast membranes fin palisade and mesophyll cells) X ‘^75; g, mesophyll 
wlls, late stage of chloroplast depletion with remains arouried around nuclei, X 375, h, palisade 
t'ells, late stage of chloroplast depletion with remains scattered throughout palisade cells: nuclei promi» 
nent, X 375. I), Intermediate stage of starch dissolution showing .starch grains aggregated around 
nuclei. X 980 E, Late stage of starch dusaolution showing a group of spheres around nucleus. X 980. 
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leave their parietal position, and become scattered throughout the cell 
(pi. 3, .1, /i). In the mesophyll cells the depleted chloroplasts have a 
marked tendency to cluster about the nucleus (pi. 0, Cj g). Tn later 
stages of disorganization they stain more deeply than the normal 
chloroplasts. 

At this stage of disorganization the nucleus undergoes a marked 
change. The nuclear membrane takes a much dark(^r stain, appearing 
nearly black and the chromatin loses its aflinity for the gentian and 
becomes masked with safranin so that the nucleolus is differentiated 
only as a denser spherical body. The hyaline^ zone which is conspicu¬ 
ous about the nucleolus under normal conditions becomes masked by 
the dense safranin stain (pi. (>, C, /, //, h). The darker staining 
nuclei become more prominent and form a dark line which is con¬ 
spicuous throughout the palisade (pi. 2, B). 

Phloem necrosis is one of the early microscopi(‘ symptoms in the 
stem and appears first in the basal region. The necrosis may be con¬ 
fined to one phloem group, either internal or external, but as the disease 
progresses it appears in other phloem groups where the sieve tubes and 
companion cells are most generally involved. The necrosis also 
extends into the adjacent fundamental tissue. With the triple stain 
these necrotic areas become sharply marked through the intense 
sairanin stain taken up by the walls of the cells involved. As soon 
as the phloem necrosis is well developed, a granular mass appears 
which may fill the dead cells and in some cases also a large part of the 
lysigenous space which frequently develops in the necrotic area. The 
mass is made up of granules of various sizes and shapes so densely 
crowded that tlieir structure is obscure (])1. o, B). In unstained 
s(»ctions this mass is yellow: in sections stained by the triple method, 
the mass stairis heavily with safranin. The necrosis of both the 
internal and external pliloem tissues develops in a discontinuous 
manner thnuighout the stem, the secondary shoots, the stolons, the 
stem end of the tuber, and the protophloejn of the roots, where it 
becomes very extensive. This discont’nuous development of the 
phloem necrosis is readily demonstrated in longitudinal sections, where 
the necrotic areas show a considerable variation in extent. 

Kxamination of stained transveme sections of the xvlem from 
diseased ])lants does not show the marked effect which would be ex¬ 
pected from the extensive browning of the tissues. Most of the xylem 
takes the normal safranin stain except for an occasional vessel or small 
group of vessels lying near the cambium, the walls of which take a 
darker safranin. Such cells invariably contain a finely granular mass 
riuite (liffereTit in appc'arance from the masses found in the phloem. 
Those in the xylem are more s])ongy, frecpiently cytoplasmic in appear¬ 
ance, and take a bright gentian stain, in contrast to the safranin 
affinity shown by the masses associated with necrosis in the phloem. 
Tn some cases these inclusions in the vessels are so dense as to appear 
to occlude the cell ; in other cases they mav be of a very loose spongy 
formation. An examination of these cells in longitudinal section 
shows that these tracheal inclusions rarely, if ever, completely occlude 
the vessel. They extend only a short <Ustance, usually not more than 
double the diameter of the cell. In unstained sections the masses are 
brown. They have been observed in the xylem of the main stem, 
petioles, stolons, and tubers (pi. 5, B), Such inclusions have not been 
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seen in the xylem of the secondary shoots and roots, but this may be 
due to insufficient search in these organs. 

The rusty spots which are commonly associated with the basal 
region of the stem pitli are not as prominent microscopically as they 
are macroscopically. In the early stages single cells are found scat¬ 
tered throughout the parenchyma, the walls of which take a deep 
safranin rather than the normal orange stain. In later stages a number' 
of such cells may be seen arranged in an in*egular group which contains 
one or more cells witli granular or globulai' masses similar to those 
found in the necrotic phloem and showing the same stain reactions. 
These cells eventually collapse to form a tangled mass (pi. 4, A), 
Necrosis of the internal parenchyma is also present in the tuber but 
is not evident from macroscopic examination. In the cortical region 
ot the stem, stolons, tuber, and root the efl*ect is like that described 
for the internal parenchyma of the stem. 

One of the most striking (‘fleets of the disease is found in the storage 
cells of the tuber which are normally filled with large starch grains 
(pi. 6, jB, (/). Prior to the first appearance of necrosis the starch grains 
migrate to the nucleus and completely surroimd it. Hei-e they undergo 
dissolution. During this process the starch grains gradually decrease 
in size, lose their oval shape, and tend to become spherical. The 
hilum, when present, appears to become more ])rominent because it 
remains unchanged while the starch grains decrease in size. Later 
the hilum disappears and all that can be seen of the outline of the 
starch grains are the small empty spheres whhdi reiTiain closely sur¬ 
rounding the nucleus (pi. 6, -1, B, 6, /), K). Finally these fuse together 
and form a stringy, often granular mass. 

The nucleus shows no pronounced change in its staining reaction or 
appearance prior to the final dissolution of the starch spheres. At this 
time the contents of the nucle\is lose their affinity for the gentian 
violet and stain dark with safranin. In general, its appearance is the 
same as that described for the nuclei in the palisade cells during the 
disorganization of the chloroplasts. In some cas(‘s the shape of the 
nuclei of these storage cells becomes irregular. This phenomenon of 
starch dissolution, followed by neci'osis, continues ])rogressively in all 
storage cells of the plant as long as the stem remains alive. 

SUMMARY 

A potato disease, the origin and etiology of which are unknown, 
has been under observation since 1931 in West Virginia. This disease 
has become a limiting factor in potato production in some areas. 

The first external symptoms are characterized by a dwarfing, paling, 
and upward folding of the terminal leaflets. Within 7 to 10 clays tlie 
vines wilt and die. The vascular region of the stems, tubers, stolons, 
repots, and numerous regions in the pith of the stem turn brown. A 
discontinuous dendritic necrosis of the stem end of the tuber is one 
of the principal characteristics of this disease. 

The anatomical features of the young terminal leaflets consist of a 
lateral ciowding together of the palisade and mesophyll cells, failure 
to reach normal size, and the elimination of the intercellular spaces. 
These changes are accompanied bv a depletion of the clJoroplasts ancl 
the loss of their starch grains ancl vacuoles. Finally, the chloroplast 
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inembriines disintegrate and diffuse throughout the cell. The nuclei 
retain their normal shape but stain heavily with safranin. 

An extensive necrosis exists in the phloem and adjacent parenchyma, 
and to a lesser extent in the xylem and fundamental tissue. A gran¬ 
ular dejjosit occurs in the necrotic areas wdiich sometimes show 
lysigenous cavities. The vc^ssels are sometimes filled with a granular 
material differing in staining reactions from that in the phloem and 
parenchyma. 

Before necrosis takes ])lace the starch giaiiis migrate toward the 
nuclei, become spherical, undergo a gradual dissolution, eventually 
leaving behind hyaline s])heres which fuse together to form a thread¬ 
like mass. The nuclei of the storage cells generally retain then normal 
shape and take a darktu* stain. 
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A SIMPLIFIED METHOD OF CONSTRUCTINCrMfiftCHANT^ 
ABLE BOARD-FOOT VOLUME TABLES ‘ 

By R. H. Blythe, Jr. 

Assistant silviculturist, Lake States Forest Experiment Station, Forest Service, 
United States Department of Agriculture 

INTRODUCTION 

Several methods of preparing tables to show the merchantable con¬ 
tents of standing trees in board feet, or in some other unit of measure, 
are in customary use. All tliesc methods have two disadvantages in 
common: They recpiire large numbers of detailed field measurements; 
and the computation of tables by any of them is a rather lengthy and 
{lifficult process, j)articularly for anyone not specially trained in 
mensuration. 

In addition to the difficulties of preparation, the tables themselves 
liavc certain shortcomings. Two basic types of merchantable board- 
foot volume tables are most often used. The first type relates volume 
to diameter at breast height and at total height of the tree; the second 
is based on diameter at breast height and ‘hnerchantable height’', 
or the distance from the ground to a point on the trunk of the tree 
with a given fixed diameter. In the first type of table, although the 
volume is based on total height, the actual volume given is that of 
the trunk up to a ])oint of fixed top diameter. In both types, there¬ 
fore, the ])oint of merchantability is actually determined solely by 
ininimum diameter. This is a disadvantage, because in actual utili¬ 
zation merchantability is much more often limited by the presence 
of large limbs or deformities of the bole (particularly in hanlw^oods). 

The second type of table has the additional disadvantage of being 
difficult to use I'orrectly in the field, because of the necessity of esti¬ 
mating the point on th(‘ trunk, usually quite high above ground, where 
the fixed top diameter occurs. 

A method of ])r('])aring volume tables w hich takes into account the 
fact that the ])osition of large branches and irregularities of the bole 
more often determine the actual upper limit of merchantability than 
does an assumed minimum dhuneter, would seem to have practical 
advantages. Such a method is described in this paper. 

FACTORS INFLUENCING VOLUME DIFFERENCES AMONG SPECIES 

The common practice in forest mensuration is to use a different 
volume table for each species and sometimes even for the same siDccies 
in different localities. It may be assumed, therefore, that the cor¬ 
relation between the dependent variable, volume, and the two inde- 
j)endent v ariables, diameter and height, is definitely affected by species, 
for if all tre(»s had the same form, the same bark thicloiess, and the 
same degree of butt swell, volume would vary with height and diam- 
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eter in exactly the same way for all species. Within species these 
factors are relatively constant, and in some cases a number of species 
are so similar as to permit of grouping. 

Numerical expressions for tliese several factors were worked out 
in this study for 14 species from three forest regions. By using these 
expressions it was possible actually to measure the diiterence between 
species. A single basic correlation of volume with diameter and 
height was determined. This can be modified by the use of these 
numerical expressions so that it will fit any s[)ecies or particular 
sample of a si)ecies. 

BARK THICKNESS 

The first factor which causes a difference between species is bark 
thickness. The diameter measurement upon which the volume 
estimate is based is made outside the bark, while the volume is 
measured inside the bark. Thus it is clearly evident that, if the bark 
of one species averages 10 percent of the diameter and the bark of 
a second species is 7 percent of the diameter, the correlation between 
volume and diameter for each of the species w ill be different. In order 
to eliminate this factor as a source of difference between species, the 
diameter breast high^ used in the basic correlation of volume wdth 
diameter and lieight is measured, in this method, inside the bark 
instead of outside. 

BUTT SWELL 

Another factor wdiich is fairly constant within a species but different 
between species is butt swell, which affects the measurement of diam¬ 
eter at breast height. Trees wdth a large degree of butt sweW have 
less volunie for a given diameter than do trees wdth only a slight 
degree. A satisfactory numerical measure of butt sw^ell was found to 
be afforded by the ratio of the diameter at 18.3 feet above the ground 
(top of first 16.3-foot log above a 2-foot stump) to the diameter at 
breast height, both measurements being made inside the bark.^ This 
factor is denoted as B, It is relatively constant within a sjiecies, 
at least within rather broad geographical limits. Table 1 shows the 
average value of B and its standard deviation for a number of species. 


Table 1. —Average value, and standard deviation of B {butt swell factor) y by species 


! 

Species 

Aver¬ 

age 

value 

ofB 

Stand¬ 
ard de¬ 
viation 

Trees 

i 

Species 

Aver¬ 

age 

value 

OfP 

Stand¬ 
ard de¬ 
viation 

1 Trees 

i 

Hardwoods 




Conifers 




Basswood (7Wa glabra 



Number 

Balsam fir (Abies bal- 



Number 

Vent.). 

0 83 

0,054 

275 

snmea (Tj ) Mill, . 

.81 


hi 

Beech (Fagus grandi- • 




Hemlock (Tsuqa cana- 


.017 j 


folia Ehrh.). 

.86 

.043 

339 

densis (L.) Carr.)_ 

.85 

.041 

240 

Y,\m{UlmusameTic.ana 




Jack pine (P'nius bank- 




L ). 

.84 

.048 

140 

ftiana l^arnV) 'i 

.80 

.042 

57 

Redgum (LiVmfdarnbar 




Loblolly pine (l\ taeda 


xtpractfliia L.') 

.81 

.040 

119 

T.) 

.90 

. 046 

100 

Red maple (Acer rub- 

Norway pine (P. resm- 



rum L.)__ 

.84 

.037 

131 

osa Ait.) 

.90 

.073 

180 

Sugar maple (A. sac- 




Shortleaf pine (P, echi- 

charum Marsh.). 

.80 

.040 

553 

nata Mill,)... 

.91 

.037 1 

59 

Yellow birch (Betnla 




White pine (P. strobus 




lulea Michx. f). 

.84 

.040 

290 

L.). 

.88 

.034 

i 

so 


* 4.5 feet above ground level. 

« This factor was suggested by a form-class measurement developed by J. W. Girard, but differs in that 
in this case both measurements are taken inside the bark; in Girard's form class, the measurement at top 
of flrat log is inside bark, but diameter breast high is measured outside bark. 
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FORM 

Fonu or taper in the upper part of the bole is a third factor which 
causes variation in volume between si)ecies. Several numerical 
measures of the form of trees have been devised, the most common of 
which is the r»tio of the diameter at half the height of the tree to the 
diameter at breast height. Several minor modifications of this form 
quotient have also been used. These expressions of fonu all have tlie 
same weakness - the basic measurement is diameter breast high, and 
since diameter at breast height is often affected by butt swell, the 
fonu quotient is likewise inlluenced by the degree of butt swell 
whereas it should vary solely with taper. In this analysis a factor 
was found which avoids this source of variation. This is the ratio 
of the diameter inside bark at 34.6 feet ^ above ground to the diameter 
inside bark at 18.3 feet above ground, hereafter denoted as T), Table 
2 sho\vs the average value and standard deviation of 1) for a number 
of species. 

Tablk 2 .—Avvrngv value and standard deviation of 1) (factor of form), hi/ species 


f'taiHi- i 'A\eriige Stand- i 

SjH!fU‘s \alue ard <le- Trw.'' i S[)eries t value | ard d»*- Trees 

ofMai ion \ , of/> Mai ion' 


Hard\voo«ls Vwmfirr •' Conifers i ' .yiimber 

ilusswood. 0 su unto 275 i' J!emloek:_. 0 Sti ' 0 072 221 

Heerh. OIh 219 j| Jack pine. .S2 j 057 57 

Ke<l liiiiii . ^7 047 ' 119 Loblolly pine_ 87 , Otl ■ 106 

Sumir niaiile .. . s9 041 377 ; Norway loiie_ ' .89 , 074 ; 187 

Yellow lurch .. . h7 oil 157 ' Shortleaf piiu*_ 85 I 048 59 

■ White lune . 91 | 0.18 80 


By controlling these three' factors, bark thickness, butt swell (7^), 
and form (D), it was ])ossihle to (letermine a correlation between 
\olume and diameti'r wliich is constant for all species. 

THE BASIC CURVES OF VOLUME 

vSt,('m measurenients of approximately 2,000 trees were used in 
deveIo|)ing the set of curves which is the basis for the system of 
volume-table construction presented. These trees were first classified 
by log lengths. The tri'es in each log-length class were then sorted 
into 1) classes and subsorted into B classes. Thus, in the final group¬ 
ing, log length, juid B were all constant within a classification 
interval. Merchantable volume in board feet w^as then plotted over 
diameter breast high inside bark with a separate cuive plotted for 
each of the final grou])S. In effect, these curves represent the corre¬ 
lation of volume with diameter breast high inside bark, with the 
other factors (butt swell and form) held constant-in statistical 
terms, the net regression of volume with diameter breast high inside 
bark. 

Within each log class, the curv^es were parallel and in logical order 
one above the other, indicating that there was no joint relationship 
between volume and the three variables, diameter breast iiigh, B, 
and Z>. Therefore, a single curve was drawn for each log class, parallel 
to the average trend of the series for that log class and through the 
ordinates which represented the average values of B and Z?. The 
final set of curves is illustrated in figures 1 to 5. 

< Equal to two IG-foot logs plus trimming allowance and a 2-foot stump. 
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Fj(i[’KK 1 ('orrelalion of volume with diameter breast hiKh inside bark. (30 to 250 board feet ) 




VOLUME (BOARD FEET - SCP/BNER) 






VOLUME (BOARD FEET - SCRIBNER) 
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DIAMETER BREAST HIGH INSIDE BARK (iNCHEs) 

Fjgvbe 5 —Correlation of volume with dianieter breast high 
inside bark (1,120 to 1,560 board feet ) 


Next, the volume of each 
sample tree was estimatf'd 
from the (airves, and this 
estimatc'd volume was di¬ 
vided into tlie actual vol¬ 
ume of the tree (determined 
from individual stem meas¬ 
urements) The quotients 
thus obtained were denoted 
as B. For tre(»s with loss 
butt swell and with better 
foiTii than average, the 7i's 
are greater tlnin 1.0; for 
trees of ]ioor form and large 
degree of butt swell, the i?’s 
are less than 1.0. 

These 7^'s were then cor¬ 
related with D and B, Tlie 
trees were sorted into B 
classes, and a cuiwe of R 
over 77 was drawn for (aich 
B edass. Here again, the 
curves were jiarallel and in 
logical order, indicating tlu‘, 
absen(*.e of joint relation¬ 
ships. A single curve (fig. ti) 
was, then^fore, drawn to 
represent the net trend of 
7? with D. The R w^as then 
estimated from this (‘urve 
for each sanqile tree, and 
the differences were com¬ 
puted between these* esti¬ 
mated 77^s and the actual 
7?^s. These residuals (t(*nned 
r) w ere then plotted over 7^, 
and a curve fitted (fig. 7). 
From this curve a correc¬ 
tion w as read for each sam¬ 
ple tree and applied to the 
value of R as estimated 
from the curve of R over 
IJ. These estimated and 
corrected 72^s were then 
compared with the actual 

The differences between 
the corrected 7i^s and the 
actual 7?'s were then sorted 
by log classes and subsorted 
by diameter classes. Next 
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tlio cliirorences woro coiivorted into board foet and plotted against 
the original set of basic curves of volume over diameter breast high 
inside tiark. I'liese curves were then redrawn wherever it appeared 
necessary. New volumes were estimated from these curves, new 
computed, and these 7?’s again correlated with the D and B 
factors just as in the first approximation. This process was repeated 
several times until no further adjustments in the fit of any of the 
(jurves were necessaiy. All of the curves were fitted freehand. 



D 

Figvke G.—Correlatlou of H with T>, 

When all the curves had been finally fitted, the differences between 
the actual IV% and tlie estimated i?'s were sorted by species. If the 
factors used in constructing volume tables by this method are really 
effective in measuring the differences between species, the final 
average residual of one species should not be significantly different 
from that of another species, and they should all be close to zero. 
Table 3 shows the average residual of R for each of the species used in 
developing the method. 

The average residuals of R shown in table 3 are numerically equiva¬ 
lent to the average deviations of estimated volume from actual vol¬ 
ume expressed as a percent of the estimated volume. 
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Table 3. —Average residuals by species 


Species 

1 

! Trees 

Average I 
re.sidual j 

Species 

Tree.s 

Average 

residual 


Number 

Percent 


Number 

Percent 

Sugar maple * . 

100 

-f 0 31 
-.31 

Jack pmc--.... 

57 

-1.12 

Yellow birch_ _ 

1 137 

Norway pine (.second growth). 

117 

-.50 

Basswoo<l_ , 1 

Ilcinlock.-.- I 

1 275 

2.19 1 

i 1 

d” 70 i 
-.70 j 

! Norway pine (old growth).... 

1 

183 

+1 80 


Fisher’s analysis of variance test® was used to determine the sig¬ 
nificance of tlie difVcrencos between the observed residuals. Although 
tlie test showed that the differences are significant, they are actually 
so small and so slightly removed from zero that the fact of statistical 
significance is of litth^ practical importance. It should be noted 
(ta])l(^ 3) that the difference between the two groups of Norw^ay pine 
is nearly as great as the difference between the most extreme cases 
(Nonvay i)ine old grow^th and jack ])ine). The residuals are chiefly 
the r(‘sidt of variations in volume associated with taper in the portion 
of th('t ree above two logs, over which portion the method affords no 
directt control. 

As a. test, the volumes of several groups of trees wdiich had not been 
us(h 1 in d(‘velo])ing the im^thod w ere estimated and the residuals listed 
in table 4 were obtained. 

'J’\HLE 4. — Average residuals of species not used in developing the method 


Spofios I '• reSai Spt^cies 

I Xiimber i J*fTccnt 

Shortleaf aii<l loblollv piru'«... ]<>."> ! —0 41, Sugar nuiplp. 

Mi\o(J southern liardwdods .. 70 1 — 95 |i White pine.. 

Red gum , __ lls < — H4 '• 


n'rftPQ I Average 
I I residual 


Number ! Percent 
210 I -.20 

SO \ +.G9 


The index of correlation is another measure of the effectiveness of 
the method. In order to test the theory of the method rather than 
its accuracy under field conditions, the volume of each sample tree 
w as estimated, using its individual D and B factors, a method which 
is not ]3ra(‘ticable under field conditions. Bv w orking in this maimer, 
a correlation index of 0.9765 w as obtained, ^hus it w as demonstrated 
tliat a very large proportion (95 percent) of the variance in volume is 
accounted for by the variables taken into consideration. 

APPLICATION OF THE METHOD 

COLLECTION OP DATA 

In collecting sample tree measurements to be used in constructing 
volume tables by this method, the objective should be to sample as 
well as possible the area to whicli the table is to be applied. The 
number of trees to be measured depends on the accuracy desired and 
the uniformity of the area. On the basis of this study it appears 
that 100 trees will generally give average values of I) and B with stand¬ 
ard errors of less than 0.005. For use in restricted areas, where greater 

M^’ishkr. R. a. statistical methods for RESEARcn W0HKER<«. Etl. 4, 307 pp., illus. Edin> llFgh 
and London. 1932. 
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constinicy of form and butt swell can he expected, a smaller number 
of trc'es will suffice. 

Only four measiireiiKuits are needed from each sample tree. These 
are (1) diameter breast higch outside bark, (2) diameter breast high 
inside bark, (3) inside-bark diameter at 18.3 feet above the ground, 
and (4) inside-bark diameter at 34.G feet above the ground. Only 
trees with a reasonably normal form should bo measured; trees with 
pronounced irregularities at the points of measurement should be 
avoided. Even though such trees do occur in the area to which the 
volume table is to be applied, their inclusion among the sample trees 
only adds inaccuracy to the estimate of the normal trees. 

COMPUTATION OF FORM AND BUTT SWELL FACTORS 

After the measurements have been collected, the next step is to 
compute the values of the two factom, and />, for each tree, using 
the following formulas: 

Diamete r inside b ark at 18.3 feet 
""'Diameter inside bark at breast height 
)iainetojnshl^bar k at 34.6 feet 
~Diameter inside bark at 18.3 feet 

After these two factors have been computed for each sample tree, 
either of tw^o methods may be follow’ed, (lepending upon the amount 
of data on hand and the accuracy desired. The lirst and simplest 
method is to determine the arithmetic average of each of the two fac¬ 
tors by summing the individual values and dividing by the number of 
observations. The second method involves the correlation of B and /> 
with diameter and height. This scheme is merely a modification of 
the first method and follow^s it analogously. 

The following numerical example illustrates the computation. 
Measurements were first taken on 296 yellow^ birch trees in the 
Upper Peninsula of Michigan. From these data the average I) was 
found to be 0.87 and the average B 0.84. The next step is to deter¬ 
mine R from the curve shown in figure 6, or from the values in table 5. 


Table b.'—Values of R and D, as read from figure 6 


J) 

Value of R for huiidrodUis indicated 


0 00 

0 01 

0 02 

0 03 

0 04 

0.05 

0 00 

0 07 

0 OS 

0 09 

0 H) 

0 73 

0. 73 

0 71 

0 75 

0 70 

0 77 

0. 77 

0 78 

0 .7t> 

0 80 

.70 

HI 


.S3 

84 

.h5 

.SO 

.H8 

S9 

.90 

.91 

.8f) 

92 

.93 

.95 

. 90 

97 

.98 

1 00 ! 

1 01 

1 02 

1 04 1 

.90 

1.05 

l.Oo 

1 

1 08 

1 09 


1 12 

1 

J 14 

1 15 

1. 10 

1 IS 1 


From this table or the curve of figure 6 the R value which corre¬ 
sponds to a D of 0.87 is found to be 1.01. 

The next stop is to determine the correction factor to be ajiplied 
to R; this factor is known as r and is found in figure 7 or table 6 by 
looking up the r which corresponds to the average value of B (0.84). 
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Tahle 0. —Values of r and B as read from figure ? 


Valuos of r for hiindrcclths indicated 



0 (H) 

1 0 01 

0 tl2 

flo:t j 

0.04 1 

0 Oo 1 

! 

0.00 i 

0 07 

0 OS 

0 00 

0 fit) 





- --I 


1 

-0 40 

-0 44 

-0 42 

. 70 

~0 40 

'-0. iiH 

-0 35 

~0 33 ■ 

-0.30 ! 

-0 2s“i 

-f) 20 ! 

- 23 

- 20 i 

18 

. HO 

15 

~ i 

- 10 

-- 07 1 

- (M 1 

- 01 I 

■f 02 1 

4* 05 i 

+ OS 

4- 11 

.90 

1 + 14 

K.j 

-)- 20 

j 4 23 ■ 

-f 2fi ! 

+ 29 1 

H-. 32 j 

4". 35 j 

4- 38 1 

+ 42 


In this case r equals —0.04. This value is then applied (added or 
subtracted according to the sign given in the table) to the value of R 
already found, and the result, in this case 0.97 (1.01 — 0.04-0.97), is 
used to adjust the basic table of volume over diameter inside bark. 
These volumes are presented in figures 1 to 5 and also in tabular form 
in table 7. 


Tahle 7. —Volume in hoard feet^ Scribner decimal ('rule by diameter breast high, 
tnside bark, and merchantable length in IH.S-foot logs 


Volume by nierchuntable length i | Volnine by merchantable length 


I iiameter breast 

in number of 10 3-foot log.s 

Diameter breast 

m nunitier of 10 3-foot logs 

inside bark 





inside bark 





(inches; 




1 

(inches) 






o 

3 

t 

.5 


2 


4 

5 


Board 

Board 

Board 

Board 


Board 

Board 

Board 

Board 


feet 

fed 

fret 

fed 


Jeet 

feet 

feet 

feel 

K 

31 

43 



21....- 

370 

4H0 

.574 

()24 

9. - - 

14 

59 



'>•> 

412 

538 

010 

004 

10 

1 59 

70 

HH 


23.. 

4.53 

59H 

70S 

707 

11 . - 

; 78 

97 

114 

... 

21 . 

407 

003 

781 

845 

12 

98 

121 

i 145 

108 

2.5 

541 , 

728 

801 

930 

n .. .. 

121 

148 

179 

204 

•2f*. 

593 : 

795 1 

940 

; 1,010 

U - 

110 

178 

! 210 

213 

J 27 . 

(i45 j 

SOH 1 

1,034 

1 1 107 

r. . . 

171 

213 ' 

25r, 

287 

! 28. 

, "b” 

912 ' 

1, 121 


10 . 

198 

249 1 

301 

334 

29.' 

708 

1,021 ' 

1.217 


17 _ - 

228 

1 2V< 1 

1 310 

38.5 

.30.. .. , 

8.17 , 

1. 100 , 

1.317 ' 

_ 

is . . - 

2(4) i 

' 330 , 

398 

438 

. 31 . ... 

'H),8 1 

1.197 ! 

1.421 ; 


19. 


377 1 

4."»0 

190 

.12 . 

•Wt ' 

1.278 , 

1. 527 ; 


20 

I 332 ! 

\‘1*\ 

.500 

' 559 




! 



All that remains is to multiply the curved or tabular vohimes by 
0.97 and then convert to an outside-bark btisis.® 

PROC EDURE FOR ONE-LOO TliEES 

It will be noticed that there is no volume cnr\e for one-log trees. 
Since^ the merc^hantable length of these does not extend to 84.6 feet 
it is not ])ossiblo to compute the factor I) for one-log trees. However, 
the product of the average value of the factor B and the inside-bark 
diameter at breast height of any tree is eciual to the diameter inside 
bark at the top of the first 16.3-foot log of that tree, which, in the 
case of one-log trees, makes up the entire volume. Therefore, it is 
necossaiy only to look up the volume of a log of this diameter in table 
8 to detennine the volume of the tree. Using, for example, the aver¬ 
age B found for yellow birch trees, 0.84, to find the volume of a tree 

«In fuaual practice, timo can be .saved by reading from a cur\c of inside-bark diainoter at breast height 
over outside-bark diameter at breast height tlie insiile-bai k diameters which corrcsiiond to whole inch \ alues 
of oiitsido-burk diameters, and tlien reading the \oiuines which corre.spond to thCwSe fractional Milues of 
luside-bark diameter from the curves 
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with a diameter breast high inside bark of 14.8 inches (corresponding 
to an outside-bark diameter at breast height of 16 inches) it is neces¬ 
sary to multiply the diameter breast high by the factor (14.8X().S4). 
The result, 12.4 inches, is the diameter inside bark of the top of the 
first log. The volume of this log is found, in table 8, to be 93 board 
feet, which is then assigned as the volume of one-log trees with an 
outside-bark diameter bnaist high of 16 inches. Tliis procedure is 
followed for all diameter classes. In order to avoid interpolation or 
curving, it is advisable to determine the inside-bark diainet(*rs at 
breast height which correspond to whole inch values of diaimdtu* 
breast high outside bark before computing the volumes. 

TABiiB 8.- —Scale of 16-foot logs read to nearest board foot from Scribner Decimal C 
rule computed by formula 0.79D^--2D 4 






Volume for tenlh.s of inch iiuticaled 



Diameter insule 











l)iirk (inches) 




{ 








0 0 

0 1 

! 0.2 

' 0 3 

1 

1 ^ 

1 

i 0 5 

0.0 

_ 

07 

OS 

I) 9 


m ft 

Bd ft. 

Bd ft 

Bd jt 

Bd ft 

Bd ft 

Bd ft 

Bd ft 

Bd ft. 

Bd ft 

C-. 

12 

12 

13 

11 

1.5 

16 

17 

IS 

19 

20 

7-. 

21 

22 

2.3 

24 

24 

25 

26 

27 

28 

29 

8.. --- 

30 

31 

32 

33 

34 

36 

37 

38 

39 

41 

9. . 

42 

43 

45 

40 

47 

48 

.50 

51 

52 

54 

10_. . 

55 

56 

58 

60 

61 

63 

64 

66 

67 

69 

11 . 

70 

72 

74 

75 

77 

78 

80 

81 

S3 

84 

12.. 

86 

88 

90 

91 

93 

95 

97 

99 

101 

102 

13.. 

104 

106 

108 

no 

111 

113 

115 

117 

119 

121 

14. 

123 

12.') 

127 

129 

131 

133 

135 

137 

140 

142 

l/i.-. 

! 144 

146 

148 i l.W 

1.53 

J.55 

1.57 

1.59 

I 161 ' 

lf.4 

16. 

1 166 

168 

171 

173 

175 

177 

ISO 

182 

18.5 1 

18? 

17..1 

189 

191 

194 

196 

199 

i 202 1 

204 

207 

210: 

21,1 

IS .. 

! 216 

218 

221 

224 

1 227 i 

i 220 ' 

231 

2.31 

237 , 

240 


1 243 

21.5 

248 

251 


1 257 ' 

260 i 

263 ! 

26fi ' 

26.9 

20-. 1 

272 

275 

278 

281 

1 284 

287 1 

290 

2}>3 i 

296 i 

299 

21. ; 

302 

.10.') 

.108 

311 

i 314 ! 

317 1 

.320 I 

32.1 1 

327 

330 

22. 

.134 

[ 337 

340 

344 

.348 1 

351 ' 

3.54 1 

358 1 

.361 

.165 

23. 1 

368 

372 

.17.’) 

379 

! 382 1 

386 1 

390 ! 

394 ' 

397 ' 

400 

24. 1 

40.3 

407 

410 

414 

417 

422 1 

425 1 

428 1 

431 

4 -5.5 

25 .. 

440 

143 

447 

450 

4.5.5 ' 

4.58 . 

4<»2 ' 

46() ! 

470 i 

474 

26. 

478 

482 

486 

490 

494 

497 1 

.502 

.5(!() i 

5UI 

511 

27__ 

.')18 

522 

526 

530 

,534 

.5.37 

542 1 

.546 

5,50 

551 

28__ 






I 


1 



29 . __ 

602 



_ . 


i 


- ----- 


MODIFIED PROCEDURE 

If veiy exact results are desired and there is sufficient material at 
hand, the values of D and B can be correlated with diameter breast 
high alone or with diameter breast high and height. In many cases 
the correlation is so slight that it can be ignored and the simple aver¬ 
ages of D and B used. ^Vlien a fair degree of correlation is found, 
however, the volume table can be improved by estimating IJ and B 
for each di imcter class seiiarately and detennining the corresponding 
con’ected i?^s. Once the curves of D and B have been established, 
tliis procedure is equally simple and direct. 

A number of other niodifications are possible and will suggest them¬ 
selves to anyone working with the method. 

APPLICATION OF THE TABLES IN THE FIELD 

Much of the dissatisfaction with the older types of tables has its 
origin in the application of the tables in the field. Wlien properly 
used they give excellent results, but it is necessary to follow exactly 
the specifications which were set up when the tables w^ere constructed. 
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Tables of the type described here can be used with much greater 
flexibility and with little chance of mistakes in application. The 
tables present the volume in board feet (according to the Scribner 
decimal O rule computed by the formula F==0.797>^^—*2Z1~4), above 
a 2-foot stump and up to whatever height the tree is merchantable 
regardless of diameter at that point, provided it is over 6 inches. 
Tlie merchantable height should be estimated to the point where 
actual utilization will cease, which in most cases will be determined 
by the presence of large limbs or bole deformities. So long as the 
merchantable length is not carried up into the top where the main 
stem becomes rough and irregular, the table will give highly accurate 
results. Field checks have shown that the volumes given agree 
very closely with the actual volume removed in loggiijg operations. 

If there are species whicli have extremely low’ values of both D 
and B (below’ 0.65 -0.78) the volumes as given by this method w ill 
be slightly low’. Such low’ A’alues, however, were not found iji any 
of the species used in this study, and are unusual. 

SUMMARY 

A new and sim])l(‘. method of constructing board-foot volume 
tables is presented. This method takes into account the fact that 
the ii])per limit of merchantability is more often fixed by the position of 
large limbs or deformities than by miniminn diameter. A set of basic 
(*ur\ es of volume over diameter at breast height, inside bark, serves 
as the foundation. These curves are modified by the use of two 
numerical measures of form and butt swell so that they will fit any 
sj)ecies coming within the size range of the material presented. 

Th(‘ constriK'tion of tables by this method presents several advan¬ 
tages not found in other nudhods. The collection of data is simplified 
because only a relatively few* trees must be measured and only four 
rneasununents are required from each tree. In the computation of 
the field data only two simple ratios need to be w orked out for each 
tree aiul an average of each computed. It is not necessary to deter¬ 
mine the actual volume of the trees. There is the added advantage 
that ojdy one result is possible—there is no chance for variation 
between tables made by several workers from the same data. Thus, 
no highly specialized knowledge is necessary" for the construction of 
tables by this method. 

Accuracy of the volumes computed from this type of table has been 
demonstrated by actual measurement of logs. 




RHYNCHOSPORIUM SCALD OF BARLEY, RYE, AND 
OTHER GRASSES* 

By Ralph M. Caldwkll 

Assonafe pathologifit, Division of Cereal Crops and Diseases^ Bureau of Plant 
Industry^ United i^tates Departm€7d of Agriculture ^ 

INTRODUCTION 

Scald of barley, rye, and other grasses, caused by Ithynchonponum 
s})]). is a common foliajice disease in many parts of the world. In 
certain iTgions of North America it has been one of the principal 
limiting factors of barley production. Little study has been ^iven 
this disease by pathologists in the United States and only slightly 
more in Europe, The present studies, initiated in Wisconsin in 
192(), comprise a general consideration of the taxonomy, physiology, 
and host specialization of the causal fungus and of the liost-parasite 
relationships, and seasonal development of the disease. The findings 
r(‘lative to physiologic specialization and pathological histology 
stand in marked (‘ontrast to those of Bartels {1) in Germany and 
lirooks (2) in England. Two j)reliminary reports have been })ublished 
on this work (3^ J^). 

THE DISEASE 
COMMON N\ME 

Several (*ommon names have been applied to the disease referred 
to as 'Wald” in this paper. These include "leaf blight^^ "leaf spot^', 
"leaf blotch”, and "scald.With the exception of the latter, each 
of these has been used to designate another cereal disease and is 
a^'oided liere to prevent confusion. The term "scakP^, besides being 
distinctive among cereal disease names, has in its favor the facts that 
it is accurately descriptive of the disease in its most aggressive form 
and that recently it has been frequently used. 

HISTORY. DISTRIBUTION. AND ECONOMIC IMPORTANCE 

Oudemans (f 7) first recorded the discovery of the scald organism in 
June 1897, having found it on rye (Secale cereale) in the Netherlands. 
He re])orted it under tlie name Marsonia secalis n. sp. Frank (/i), 
in October 1897, gave the fii*st adequate description of the disease, 
re])orting it on barley and rye in Germany. He recognized it to be 
of considerable economic importance on barley, particularly when the 
plants were attacked in advance of the heading stage. Seedling 
plants of barley w ere reported to be killed by severe attack. Frank’s 
examination of herbarium specimens revealed the presence of the 
disease in Germany in 1894, which is its earhest known occurrence. 

• R(*ceived for publication Apr. 13,1937. Issued August 1937. Cooperative investigations by the Division 
of CV'real C’rops and Diseases, Bureau of Plant Industry, U. S Department of Agriculture, and the Depart¬ 
ments of Plant Pathology and Botany of the University of W'isconsin, and the Department of Botany» 
Purdue Agricultural Exiieriment .station. 

2 The writer gratefully acknowledges the assistance of Drs. J. O. Dickson and E. M. Gilbert of the Uni¬ 
versity of Wisconsin during the progress of these studies. 

’ Reference is made by number (italic) to Literature Cited, p. 198. 
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Frank reported inoculation experiments by E. Heinsen proving the 
relationship of the causal fungus. Heinsen (12)^ in 1901, published 
a full account of his experiments with scald, referred to by Frank. 
His inoculations showed barley and rye to be susceptible, wheat 
slightly susceptible, and oats immune. 

Since these early papers scald has received little attention other 
than in records of occurrence and a report of resistance in barley by 
Johnson and Mackie (IS), until the recent publications of Brooks 
(2), Bartels (1), and Mackie (16). The disease was first mentioned 
in American literature in 1917,^ when it was reported to have been 
prevalent in 1915 in the United States. It is now known to occur 
widely in northern Europe and in the ITnited States, and in Canada, 
New South Wales, Tunis, Argentina, and l\^ru. Reports of severe 
losses from scald have come only from the United States and Germany. 
The disease occurs very frequently in severe form on the winter barley 
crop of the Pacific Coast States and Idaho. The most destructive 
epidemics have been reported in the interior valleys of California 
where a positive correlation was noted between scald resistance and 
yield (6*). Barley yields in this region have been estimated to be 
reduced as much as 20 to 30 percent (5). In the same State in 1925,® 
the disease was reported as ^^killing the leaves, shrivelling the kernels, 
and weakening the plants to such an extent that a reduction of yield 
of probably 25 percent occurred.^' Wiebe ® makes the following 
report of barley scald in California, based upon comparative yields of 
susceptible and resistant varieties during epidemic and nonepidemic 
years: “Jn 1935 barley scald was a serious disease in California. 
Yields of susceptible varieties were reduced from 10 to 15 percent.^’ 
Less frequently scald may become prevalent in other sections of the 
United States but has not been considered of major economic sig¬ 
nificance. In spring barley plots at Madison, Wis., in 1928, 1929, and 
1930, the disease became abundant during the booting and heading 
stages of growth. The foliage was almost entirely killed, yet the 
plants matured and produced apparently normal heads and grain. 
Although yield reduction must have resulted, no measure of the loss 
could be made. In Europe, scald has been reported as severe on tlie 
seedling and mature plants by Frank (11) and Heinsen (12). Brooks 
(2) states that susceptible varieties in England, although suffering 
loss of almost all the lower leaves, recovered as the plants matured, 
and showed no appreciable effect of the disease at harvest time. 

PLANTS ATTACKED 

In addition to very commonly attacking barley (Ilon/eum rulgare 
L. and II. disiichu7n L.) and rye (Secale cereale L.), scald has been 
reported twice on wheat (Triticurn aestkmm, L., T. vulgare Vill.), once in 
Germany (12), and once in Washington State in the United States.’' 
It was also once reported on oats (Arena satioa L.) in Denmark (IJi). 

A number of grasses belonging to seven genera are also reported to 
be attacked. The literature to date lists tiie following occurrences of 
this disease on grasses, namely, Agropyron repens (L.) Beauv. in 

< Unitki) vStatks Burkaf of Plant Industry, disease caused hv ryhnchosforjum guaminicola. 
TJ S. Bur. Plant Indus. Plant Disease Hull 1: 9 1917. [Mimeofiraphed.] 

- Haskell, R. J. scald caused hy hhyntho.sporium secalis (oud.) davis. U. S. Bur Plant Indus. 
Plant Disease Reptr. Sup. 4S- 341. 1926. (Mlineofiraphed.l 
« Personal correspondence with (1. A. Wiebe, Division of Cereal Crops and Diseases, Bureau of Plant 
Industry, U. S. Department of Af?riculture 

" Johnson, A. O., and Haskell, R. J. rhynciiosporium guaminicola ... \\ S. Bur. Plant Indus 
Plant Disease Bull. Sup 8 37. 1920. [Mimeographed } 
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Wisconsin (3, 8), Oregon;^ Denmark {14)y Germany {!); A. 

dasystachyum (Hook.) Scribn. in Oregon; ^ Bromus inerniis Leyss. 
in Wisconsin (5, 9 ); B. mollis L. in England (2 ); B. sterilis L. in England 
(2); Dactylis glomerata L. in Wisconsin {9), England {2), and Oregon; ® 
Danthoiiia sp. Lam. and DC. in Oregon;® Elymns robvstus Scribn. 
and J. G. Sm. (canadensis) in Wisconsin (4); E. (flavcvs Buckley in 
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Fiuvke 1 —Morpliglogy of eonulia of laces of Hhynchonpormm sccalts and of /?. orthosporum, produced on 
their resfwetive hosts and in cultures isolated from these hosts .1, H, Barley race of H steal is from host 
and culture respectively; C, D, rye race of H, secahs from host and culture respoctivel.N, F, F, .<I{/ropi/ro7» 
repeus race of H, secalis from host and culture respectively; G, JI, Bromux inennts race of R. secalis from 
host and culture respectivel>; I ,./, Flymus canadensisnivti of H secahs from host and culture respectively; 
K, L, li. ortkosporam from host and culture respectively 

Oregon;® IJordeum jvbatum L. in Wisconsin (3) and Oregon; ® II, mvri^ 
nvm L. in Gemiany (1) and Oregon;® Lolium. perenne L. in Ciermany 
(i) and Oregon; ® L, multifiorum. Lam. in Oregon; ® Milium ejjfusum L. in 
Denmark {14)- In addition, the writer has found the disease on Elyrn us 
virginievs L. in Indiana and on Hordeum jvbatnm L. in South Dakota. 

Dactylis glomerata has been found by the writer in Wisconsin 
attacked by an imdescribed species of Rhynchosporium differing from 

8 SPRAtilTE, K. A PRELIMINARY CHECK LIST OF THE PARASITIC Ft’NGI ON CKREAIS AND OTHER GRASSES IN 
OREGON U. S. Bur. Plant IikIus Plant Disease Keptr. 19. [ISfiJ-itjO, 1936. [Mimeographed.] 

8 Haskell, R. J. See footnote 6. 





178 


Journal o f Agricultural Benearch 


Vol. 65, no. 3 


R. f^ecalis in the cvlinclrical shape and lack of apical beak of the 
conidia (fig:. 1, /i, Z). The symptoms of the disease are very similar 
to those caused by R. secalis on other hosts. An examination of the 
collection from which Drochsler (0) reported R. secalis on this host 
has shown the conidia to be those of this undescribed species. This 
species has also been collected by Sprag:ue*^ in Oreg:on and submitted 
to the writer for identification. Thus, the only two reports of 
Rhunchosporimn on I), glomeraia. iti the ITiiited States have proved to 
be based on the new species rather than on R. secalls. The descri])tion 
of the new species, designated as R. orthosponnn sp. nov., is given 
herein in the section on Taxonomy and Nomenclature. 

A number of grass species not reported as naturally infected in the 
field have been infected by artificial inoculation with Rhynckosporinm 
secalls. Bartels (/) reports the following species artificiallv infected 
with inoculum collected in (lermany: Lolivai itaVicum^ Poa pratensis, 
P. nernoralis, P. compressa, P. tririalls. Prom as arrevsiSj Agrostls 
stoloni^ery Cynosvrus cristatusy Phleum praterise. and Ilolcus lariat us. 
The writer has aitificially infected the following species, unknown 
to be naturally infected: Ayropyron teyierum^ Brornvs arenarius, B, 
lanugiriosuSf B. mad rite n sis ^ B. rillosvs, Ely mu s strintus, Hordeum 
nodosum^ and II. pvsillum. 

SYMPTOMS 

Scald as it occurs in Wisconsin, and as it has been described most 
frequently, is primaiily a foliage disease attacking most conspicuously 
the blades, and to a lesser degree the leaf sheaths. The disease symp¬ 
toms are strikingly similar upon all of the hosts observed by the writer 
(pi. 1) and may easily be recognized and distinguished from those of 
other leaf-spotting diseases of cereals and grasses. In the early stages 
of development, the lesions are of a dark bluish-gray color with a 
water-soaked appearance. Such areas are often 1 to 2 cm in length 
before evident collapse of the tissue occurs. This collapse takes 
place very rapidly, and in this stage, especially upon barley where 
large numbers of lesions are coalescing, the impression of rapid 
scalding is created. Lesions developing separately tend to assume a 
lenticular shape. The scalded area soon dries and the center assumes 
a light-gray color. The margin assumes a dark-brown color, which is 
the most distinguishing feature of the scald leaf spot. Successive 
enlargements of the lesions may occur and concentric brown rings 
result (pi. 1, A, B), giving the lesion a zonate appearance. Leaves 
are completely destroyed by severe infection and often almost com¬ 
plete defoliation of the host results. 

PATHOLOGICAL HISTOLOGY 

The relation of the scald fungus to the host tissue and the develop¬ 
ment of the disease have been studied microscopically upon barley 
leaves naturally infected in the field and artificially infected in the 
greenhouse. Stages in the development of the disease from penetra¬ 
tion of tlie host to complete break-down of the leaf tissue and fructifi¬ 
cation of the pathogene have been followed. 

In the study use was made of botli longitudinal and transverse sections 
of the leaf and of cleared whole leaf segments. Material for sectioning 
was fixed in both chrom-acetic urea and formalin-acetic-alcohol fixa- 


»See footnote on page 177. 
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Symptoms of Scald on Cereals and Grasses fn the Field. 
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tiA'es, the former being the more satisfactory. Longitudinal sections 
lO/x in thickness and transverse sections 20jLt in thickness proved satis¬ 
factory for study. Staining in safranin followed by fast green was the 



Fk.l’hk 2 -Polu'trution of cuticU' by nhynchosporium sfcalts ami of snbcMitu iilar nijot'lmiii 

a, Cotiulmin, f/, uiii»ressoiiuiu, r, siibcutu’ulur iiiyoeliuni, rf, vertical cpKlcruial cell vail. Dra'vu vith 
(he aul ol Ihc camera lucula ‘ 70U 


most useful technhpjc used for differentiation of host and parasite 
tissues and pathological conditions in the host. The stages during 
conidium germination, appressorium formation, and after penetration 


EXPLAXATOKY LFXJEND EOH PLATE 2 

. I (ierminatetl conidinni of Rhynchoiponnm stecahit on a barley leaf X 1, 2(X». a, Coimliiim, b, germ tube; 
c, appre.ssorajnj; d, vertical wall of epuleniml cell. 

/i I.oiigitudinal section of .seedling barley leaf showing penetration to the .subcuticular position, X l.OOO. 
R, Ppper 1*611 of conidium; b, short germ tube; c» appressorium, rf, i>enetraiing byi>ha; e, papillate 
growtn on epidermal vail about point of ftuigus penetration;/, normal wall penciled to ‘.how clearly 
the normal thickness 

J.ongitudinal section of a young infection of a leaf of a nearly mature barley plant. X 1,440. a, Cross 
section of minute, slight 1> flattened, subcuticular hyphae; 6, altered section of upper epidermal cell 
vall failing to retain safranin stain. 

7>. Transvcr.se section of a collapsing lesion on a leaf of a nearly mature barley plant. X 1,S00 a, Cross 
.seciion.s of subcuticular hyphae, 6, cuticle of (»U wall. 

IC. Transverse sect ion of an ads anced le.sion on a leaf of a nearly mat iiro barley plant. X 475. a, Collapsed 
mesophyll; b, normal inesophyll at margin ol lesion, c, show.s marginal advance of collapsing epiderinis 
on dorsal surface over normal mesophyll at b: d, normal epidermis on ventral, nonmfoeted side of leaf. 

Longitudinal section of an advanced lesion on a leaf of a nearly mature barley plant showing penetration 
Irom the sunerficial stroma into the mesophyll. o, Suiierflclal stroma; b, hyphae penetrating epider- 
mal cell or cell vall, c, hyphae invading mesophyll; d, collapsing mesophyll cell adjacent to invading 
hyphae. 
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of the cuticle were satisfactorily studied in segments of whole leaves 
killed and partially cleared in a 50-50 mixture of 95-percent alcohol 
and glacial acetic acid, and stained in an aqueous solution of cotton 
blue. The conidia and germ tubes were lieavily stained while the 
host tissue remained clear. Although the subcuticuhir hyphae could 
not be stained because of the covering of cuticle, they were clearly 
visible by microscopic observation, owing to light refraction. 

Less complete observations of pathological histology have been made- 
on scald of rye, Agropyron rej^ens^ and Dactylis glomerata. The 
macroscopic symptoms as well as internal pathology appear to be 
identical for scald on these hosts and on barley. Because of this sim¬ 
ilarity the scald of barley has been selected for study as a representa¬ 
tive of the group of scald diseases, and all statements following refer 
specifically to scald of barley. All evidence at hand indicates that 
they apply also to the disease on tlie other hosts. 

Mode of Infection 

In the early stages of the development of Rhynehosporium in the 
host tissue the mycelium is wliolly subcuticular. Penetration to the 
subcuticular position is effected witliin a. 4(S-hour period. The germ 
tubes form very small rounded structures at the ends, apparently func¬ 
tioning as appressoria, from which penetration occurs (fig. 2 and pi. 
2, B). Several appressoria may develop upon the branched germ 
tube system originating from a single (^onidium. Immediately 
beneath the appressoria the outer epidermal wall thickens to form a 
rounded papilla, several times the thickness of the wall, which projects 
into the lumen of the cell (pi. 2, By e). The penetrating hy])ha grows 
into this thi(*kening and then laterally in a subcuticular position (pi. 2, 
By dy and fig. 2). l^enetration may occur on either the dorsal or 
ventral epidermal surface. 

Development of Fungus in the Host Tissue 

Following penetration, the subcuticular mycelium grows rapidly 
and branches profusely. The first hyphae are very small in diameter 
and slightly flattened and oval in cross section (pi. 2, (7, a). They 
remain very small for several dajs following infection. The average 
small diameter is about 0.6/x, wliile the large diameter averages about 
2.2/x. After occupying a considerable area of the epidermal surface, 
the subcuticular hyphae enlarge (pi. 2, />, a) and impart a grayish 
cast to the infected area in contrast to the bright green of the sur¬ 
rounding tissue. The outer epidermal wall, wdiich normally takes the 
safranin stain heavily, loses its affinity for this dye in the area im¬ 
mediately below the subcuticular hyphae (pi. 2, (7, h) and becomes 

EXPLANATORY LEGEND FOR PLATE 3 

A. Longitudinal section of a mature lesion on leaf of a nearly mature barley plant, showing restriction of 
fertile stroma to one surface of the leaf, x 700. a. Fertile stroma; 6, collapsed mesophyll coll; c, one 
of the rather few hyphae occurring within the mesophyll; d, noncollapsed epidermal cell on surface 
opposite the side of Infection, no stroma occurring on this surface. 

B Longitudinal section of a mature lesion showing fertile stroma covering guard and epidermal cells. X 880. 
a, Superhcial stroma; 6, hyphae penetrating through macerated epidermal cell walls into mesiorihyll. 

C. Longitudinal section of a mature lesion on barley, showing the distinctive manner of conidium production 

in Rhynehosporium secalis. X 1,300. a, Immature conidium, oriented to obscure the beaked, apical 
cell; b. cell of fertile stroma on which conidium is borne. 

D. FVee hand section of a lesion produced by Rhynehosporium alismatis (Oud.) Davis on Alisma plantago- 

aguatica, showing manner of sporulation, X 1,300. a, Immature nonseptate conidium (dark bands 
on conidium are not cross walls but stained cytoplasm, cross walls when present showing as white 
lines); 6, flask shayied conidiophore. 
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Plate 3 



FOR EXPLANATORY LEGEND SEE OPPOSITE PAGE. 




Rhyncho#porium Scald of Barley, Rye. Other Grasses 


Plate 4 



Photographs of 2«-day-old culture of five physiologic races of lihynchosporium secniis and one culture of 
if orthMporum growing on potato 2 percent <lextro8c agnr X 1 75. A, Barley race* of li ((ecali,<<, ft, Agro- 
pyron rrpens race of R atcalis; C, Elymus caJiadensia race of R srcalis: D, rye race of R. secahs: E, Rromus 
inermts race of R, secalis; F, R. orthosporum 
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weakened as evidenced by frequent bending and sinking at such points. 
Tlie outer epidermal wall is the first tissue to collapse, falling against 
the lower wall of the epidermal cell (pi. 2, T) and Ej c). Following 
the collapse of the efiidermis, the mycelium begins to penetrate 
through the macerated walls of the collapsed epidermal cells into the 
niesopliyll from the stroma which has been formed from the sub¬ 
cuticular hypliae (pi. 2, F, 6, c, and pi. 3, B, h). Growth within the 
mosophyll is intercellular. Prior to this stage the mesophyll cells 
appear normal but rapidly collapse in the region of the invading 
mycelium (pi. 2, F, r/, and pi. 3, A, b). At this stage the macroscopic 
symptom of scalding and water-soaking becomes evident in the leaf 
si>ots. Even after complete break-down of the mesophyll the mycelium 
makes only a sparse (hwelopment in the interior of the leaf (pi. 3, A, e). 
This stage is reached about 9 days after inoculation in barley and after 
about 14 days in rye and the grasses under greenhouse conditions. 

The infected area continues to enlarge by the radial growth of the 
sulx'uticular hyphae at its margin, the epidennis first collapsing, 
followed by successive penetrations of the fungus into the mesophyll 
(pi. 2, Ej c). There is no evidence that radial growth of the inter¬ 
cellular mycelium within the mesophyll plays any important role as a 
means of enlarging the diseased area, since the subcuticular develop- 
meut of mycelium a.nd subsequent epidermal collapse always consid¬ 
erably precede the app<'arance of hyphae in the underlying mesophyll 
at the margin of tlie lesion. 

Fkitctificatiox of the Fungus 

During the iiivasion and break-down of the mesophyll, the subcutic¬ 
ular mycelium develops rapidly, covering the entire area of the leaf 
spot and building up a fertile stroma which may be several cells in 
thickness (pi. 3, A, a, and />*, a). At this stage the cuticle has been 
pushed away from the wall and lost, leaving the stroma completely 
superficial. The greatest growth of the fungus is in this subcuticular 
and later superficial position, the mass of the fungus there far exceed¬ 
ing that within the mesophyll tissue. Fructification occurs after the 
complete break-down of the leaf tissue in the infected spot. The 
conidia are formed as direct outgrowths of the cells of the superficial, 
fertile stroma (pi. 3, (7, a, 6). Sporulation is most abundant in the 
central and most completely collapsed area of the leaf spot. 

Owing to the restriction of the initial development of infection and 
subcuticular luycelium to one surface of the leaf, the fruiting stroma 
and sporulation arc limited to that surface, although either surface may 
become infected (pi. 2, £’, c, d, and pi. 3, A^ a, d). The fungus does 
not grow through the leaf to fruit on the opposite surface. The 
fructifying surface can be identified macroscopically by the darker 
color of the leaf spot margin there, as contrasted with that on the 
opposite side. Fructification on both surfaces of a given leaf area 
occurs only where two separate infections take place on exactly 
opposite sides of the leaf. 

Discussion of Pathological Histology 

Penetration has been reported and figured by Bartels (1) as being 
effected primarily by the growth of conidial germ tubes through the 
stomata, directly into the mesophyll of the leaf. He also rei>orted 
direct epidermal penetration as occurring less frequently. Maclde 
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(16) implied stomatal entry by stating? that the germ tubes ^^fonn 
appressoria in the stomata/^ The observ^ation of hundreds of germi¬ 
nating conidia and penetrations, in tins study, has given no evidence 
of even the rare occurrence of stomatal entry. Germ tubes repeatedly 
have been observed to have grown across the surfaces of stomata to 
form appressoria on the upper epidernial wall elsewhere. The early 
stages of the pathology of the scald disease, involving abundant sub¬ 
cuticular development of mycelium prior to its appearance within the 
mesophyll tissue, precludes the possibility of stomatal entry being of 
significance in the initiation of infection. 

Bartels (1) lias figured the fungus as first developing within the 
mesophyll and later growing out to the epidermis to form the fertile 
mycelium within the lumen of epidennal cells of both the dorsal and 
ventral surfaces. Brooks (j^), while not following penetration of the 
fungus, gives an account of fructification similar to that of Bartels, 
assuming preliminary entry of the mycelium into the mesophyll and 
later growth out to a subcutictilar position or into the lumen of th(^ 
epidermal cells wdiere fructification occurs. Failing to understand 
the manner of the initiation of parasitism of Rhynchosjwrimny these 
workers have apparently interpreted the penetration from the sub¬ 
cuticular mycelium into the mesophyll as occurring in the ixwerse 
order. The writer has never observed a case where the fruiting 
stroma developed initially within the lumen of the epidermal (*el]s. 
Occasionally, as showm in plate 2, F, />, hyphat^ penetrating into the 
mesophyll appear to have traversed the lunuui of tlu» epidennal cells. 
A more likely interpretation, however, is that they have grown dowui 
through the vertical w^all of the epidermal cells, wdiich are indiscern¬ 
ible, as is most w'all tissue in the presence of masses of the fungus. It 
is possible that, after break-dowii of the epidermal cells, the fertile, 
mycelium may develop within the macerated walls of th(»se cells. It 
is certain, however, that in the w riter's material, hyphae did not enli^r 
the lumen of epidermal cells preliminary to formation of the fruiting 
stroma, 

Davis (8) stated that the conidia are borne on undifl’erentiafed 
hyphae protruding from stomata. The papers of Frank (//) anil 
Brooks (2) and the present w^ork concur in showing this to b(' incorrect. 

THE CAUSAL ORGANISM 

TAXONOMY AND NOMEN('LATUHK 
The (iEnus Riiynchoscoiucm 

Tlie taxonomy uiul noinenclatiire of the gremis Rhynchosporimn have 
become confused in European and American literature. The first 
mention of tlie genus Rhytichospormm occuis in a publication by Frank 
{11) in October 1897, in wliich the author credits the naming of the 
new genus to his associate, E. Heinsen, who had not yet published his 
work. Heinsen {12) in 1901 published on this work. Both Frank 
and Ifeinsen failed to give fonnal descriptions of the genus or species, 
merely giving a general description of the fungus with illustrations. 
Fonnal descriptions were later provided by Saccardo {18) and Ijndau 
{15), who credited authority for the genus Rhynchosporium and the 
species R. grarnivicola, to Heinsen. 

Davis {S) in 1922 emended the genus to include all Mucedinaceae, 
Micronemeae, Hyalodidymae. Davis conceived the conidia to l)e 
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borne in the following manner: “An undifferentiated hypha makes 
its way to a stoma where it bears upon its extremity a conidium/' 
This statement has been shown to be in error by the present work and 
that of Brooks (2), 

The taxonomic position of the genus Rhynchosporinm is somewhat 
debatable since the genus appears to possess characters common to 
both the orders, Moniliales and Melanconiales. The apparent re¬ 
semblance to the Melanconiales lies in the fructifi(‘ation from a stroma¬ 
like stratum. This stratum constitutes the main mycelial body of 
Rhynchosporiurn, being almost continuous over the affected iiortion of 
the leaf and more or less unlimited in its growth at its margin. The 
jiosition of the stroma is essentially superficial on the leaf, although 
the initial growth of hyphae immediately following infection and at 
the margin of the stroma is in the subcuticular position. By prolifer¬ 
ation of this mycelium the stroma is progressively built up from the 
center toward the margin of the leaf spot. The margin of the stroma 
grades into a diffuse nonstromatic mycelium, in a subcuticular ])osition. 
The cuticle is soon pushed away and dislodged as the fruiting stroma 
is built up. (.\midia are never produced within the host tissue, or 
even under the cuticle, later to be discharged. 

In the existing keys to the genera, it is true that Rhynchosporiurn 
might conveniently be placed in the order ^^clanconiales cu' even 
considered synonymous with Marssonirui. However, this study is 
interpreted as giving little evidence that Rhynchosporinm is closely 
ndated to genera of this order. If such an interpretation were made, 
the whole more or less diffuse ainl superficial fungus body, wliicdi is 
often over 1 inch long and one-half inch wide, must be considered a 
singh* acervulus. Therefore, as the ])refcrable alternative, the fruiting 
structure is here interpreted as a more or l(»ss coinj)act, yet little 
oiganized mycelium, from winch conidia are directly abstri(*ted as in 
many other gen(u*a of the Moniliah's. On the basis of these consider- 
a.tions Rhynchosporiurn is here* recognized as a Aalid genus in the 
family Moniliacaai e. 

Fjank’s illustrations indicate that he correctly understood the 
morphology of the fruiting structures of the genus, llovever, the 
descriptions by Saccardo and Lindaii are based on Heinsen^s studies 
of tlie morphology" of the fungus in culture and are misleailing as to 
the morphology of the fructifying structure on the host, which, in the 
writer’s opinion, is the important distinguishing feature of the genus. 
It seems necessary, therefore, to present hen^ an emended description 
of th(^ genus, including the characteristic features of fructification. 
Rhynchosporiurn Ileinscii, 

Parasitic*, procluciiig spot.s on lcavt^s; storiU* iii> celniin sparse^ in inesophyll of 
host; i!i>celmin suhcMiticiilar at first, later (leveiopiii^i: into a superficial fertile 
stroma more or less covering the leaf spot; conidiol)hore^ absent; conidia one- 
se[)tate, liyaline, sessile on cells of fertile stroma. 

The emended genus, Rhyyichosporium, would fall in the elassifuaition, Monl- 
liacc'ae, Hyalodid\ mao, Mieronemeiie. 

NOMKNrLATCUK OP' RhYNCHOSPOR lOM SPR ALIS (Om.) DaVI.S 

The first published record of the scald fungus was made by Oude- 
mans (/7) in June 1897, under the binomial Alarsonia secalis, 4 months 
previous to Frank’s publication (11) on the same organism under the 
name Rhynchosporiurn graminicola Heinsen. Davis (7), in 1919, 
believing that Oudemans had incorrectly classified the fungus in the 
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Melanconiales, recog:Tiizecl lleinsen’s genus Rhynchosporium in making 
the new combination Rhynchosporium secalis (Oud.) Davis. 

Bartels (]), in 1928, made the combination rjraminicola 

(Ell. and Ev.) Saec., placing Gloeosporium gramimcoluni Ell. and Ev., 
M, secalis Oud., and Rhyncho^sporium {frawijiicolaVnmk in symmjmy. 
He recognized as having priority a description by Ellis and Everhart 
(Wj p, 154) of {M(irsonia) yraiyiinicolum, collected upon an unidenti- 
lied grass by John Dearness at London, Canada. The description 
given of G. graminicolum has nothing in common with the characters 
of the scald fungus. Through the efforts of J. J. Davis, cotype 
material of G. graminicolum Ell. and Ev. has been secured from 
Dearness for study by the writer. This specimen is not the scald 
fungus and shows no similarity to it cither in disease symptoms or 
fungus structure, and therefore can have no priority in the nomen¬ 
clature. Ellis and Everhart's report {10) is a(;curately descriptive of 
the specimen. The interaal morphology of the host strongly suggests 
it to be one of the Cyperaceac. 

In view of the priority of Oudemans' description, the valid name of 
this species, then, is Rhynchosporium secalis (Oud.) Davis. 

New Species 

A new species of the genus Rhynchosporium has been collected in 
Wisconsin by the writer {4) and bj^ Sprague in Oregon, attacking 
Dactylis glomerata. This fungus produces symptoms identical with 
those of R. secalis. The fruiting structure is likewise similar. The 
new species, here designated as R. orthosporum, has unifonnly cylin¬ 
drical conidia which distinguish it from /?. secalis (fig. 1). It is 
described below. 

Rhynchosporium orthosporum sp. nov. 

In foliis; maculis ampliigenis, ().r>~3.0 cm loiigis, lenticularibiiR et saepc enn- 
fliientibiis, initio humido-fusco-olivaceis, margine concolori, (iein centro canis, 
bruniieo-marginatis; conidiis 14.4-19.4 X 2.3~4.7 p, ercctis, clyindraceis, medu) 
1-septatis, in stromatibus superfioialii)Us sine !)asidiis et plus ininusve iiuwmlas 
oinnino occupantibiis. 

Ilab. in foliis Daciylidis glomeratae in Wiscon.sin, 1929. 

Rhynchosporium orthosporum sp. nov. 

On leaves; spots, 0.5-3.0 cm long, lenticular in shape, coalescing to form irregular 
lesions, at first water-soaked, dark olivaceous, later becoming gray surrounded by 
a brown margin; conidia 14.4-19.4 X 2.3-4.7 erect, cylindrical, media-nly 
septate, formed directly on cells of superficial stroma, more or less covering leaf 
spot 

On Dactylis glomerata L., Whitewater, Wis., May 11, 1929, Caldwell (type); 
also from other locations in Wisconsin and from Benton County, Oreg. 

(Retype specimens have been deposited in the herbarium of the 
University of Wisconsin and in the mycological collections of the 
Bureau of Plant Industry, United States Department of Agriculture. 

Excluded Species 

Davis {8) has made the combination Rhynchosporium alismatis 
(Oud.) Davis, placing Septoria alismatis Oud., Aschochyta alismatis 
Ell. and lEiV,, Ramularia alismatis Fautr., and Didymaria aquatica 
Starb., occurring on Alisma and Sagittaria, in synonymy with it. 


Spraouk, R. See footnote 8. 
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Tbrouj^li tlie kindness of Dr. Davis, a fresh specimen of Rhyncho- 
sporium almnatis (Ond.) Davis on Alisma plantago-aquatica, collected 
by him at Klevensville, Wis., on July 12, 1929, was made available 
for study. I'reehand and paraffin sections of this specimen show 
this fungus to lack the superficial fertile stroma and to bear the conidia 
on short flask-shaped coiiidiophores on the leaf surface (pi. 3, D). 
Thus, this s])e(*ies does not fall in the division Micronemcae as stated 
by Davis ((S’). Th(‘. presence of coiiidiophores together with the lack 

of th(i superficial stroma excludes this species from the genus Rhyncho- 
sporivrn. 



3.-- (Mirituiuition m water of cuUurc-growiiconxlia of barley ruceof lihynchosporiu rn secalis A to f> 
ref^resont sro" th .stapes after 8,12, 24, and 36 hours, respectively. 


Thus the genus as here defined includes only the species Rhyncho' 
sporium secdlis (Oud.) Davis and R, orthosporurn sp. nov. 


ISOLATION AND CULTURE 

Cultures of the scald organism from the several hosts may usually 
be obtained by the planting of small pieces of diseased leaf tissue on 
potato-dextrose agar after surface sterilization. Surface sterilization 
was accomplished by dippbig the leaf pieces into 70-perccnt alcohol 
for 20 seconds, removing them to 1 to 1,000 mercuric bichloride 
solution for 1 to 2 minutes, and transferring them to agar plates 
after washing in sterile water. The fungus grows very slowly and 
requires 4 or 5 days to become macroscopically evident. Isolation 
during the warm summer months at Madison, Wis., is often difficult 
since the lesions are frequently overrun by various other fungi, 
predominantly Alternaria spp., wluch completely suppress the devel¬ 
opment of Rhynchosporium. When conidia froin the host are avail¬ 
able, cultures may be secured by pouring suspensions of conidia in 
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sterile water over agar plates and draining off the excess moisture. 
Isolated germinating spores usually must be located under the micro¬ 
scope and removed to agar slants soon after germination to avoid 
contamination. 

The coniclia of Rhynchos'porivm secalis and of B, orthosporum germi¬ 
nate upon agar within a 24-hour period. The details of the process, 
in the case of J?. f^ecaliSj have been well described by Heinsen (12). The 
U})per cell usually germinates first, with the germ tube swelling from 
the side of the cell or tip of the beak. The lower cell may then send 
out a tube. Either or both cells commonly produce a second tube 
after elongation of the first. Ckmidia germinating in distilled water 
are shown in figure 3. In water at 20° (\, germination begins within 
4 hours. The contents of the conidia, at first cpiite homogeneous, 
become vacuolate preceding germination. On agar, germination is 
initiated more tardily and germ tubes elongate more slowly than in 
distilled water. 


(UlOWTII ResPONSK U1‘()\ Diekekent Me1)I\ 

All the races of Bhynchosporium secalis as well as the speci(‘s B, 
orthospor'uni gnnv slowly in culture. The most rapid growth, on the 
media used, occurred upon potato-dextrose agar. The rye and 
barley races of the fungus have been cultured upon a. variety of media 
including barley and r>^e-leaf-decoction agars, corn meal, and corn 
meal 1-percent dextrose agars, lima bean agar, oatnu^al agar, ]>otat.o, 
potato l-percent dextrose, and potato 2-percent d(‘Xtrose agars, 1- 
and 2-percent malt, extract agars, and U])on sterilized barley stcuiis. 
The volume of mycelhim and spores produced, within this range of 
media, apparently varied directly with th(‘ (*oncentration of dextrose 
or soluble carbohydrate present. Judging from th(' conformation of 
the conidia, tln^ most nearly normal develojnnent o(‘curred on those' 
media with low sugar content, i. e., corn meal, oatmeal, and lima Ix'an 
agars, where (*onidia not unlike those from the host wen' prodiua'd 
(fig. 1). Conidia from potato dextrose and malt agars were of 
variable shape and appeared to be little mojc than undiflVnuitiated 
terminal or branch <‘ells of the fertile hyphai'. 

TEMPERATURE AND HUMIDITY RELATIONS 
OONIDIAL (;EUMINATION AND GeUM-TuHE GUoWTII 

To improve the inoculation technique, an expe*rimerit was conduetta] 
to determine the relation of temperature to spore germination and 
germ-tube elongation. Conidia of a culture isolated from barl(\v 
were washed into sterile distilled water from 7-(lay-old corn meal- 
agar slant (udtures. Drops of the s])ore susjiension were transferred 
by a platinum loop to carefully cleaned cover glasses and w ere inverted 
as hanging drops over unsealed glass rings in Petri dishes. The 
bottoms of the Petri dishes WTre moistened with W’^atei’. A selected 
standard-size loop was used to transfer all drops, giving them a uni¬ 
form size. The lianging-droj), conidial suspensions were then incu¬ 
bated at temperatures ranging from 2° to 35° C. At certain intervals 
of time 25 spores w ere selected at random near the periphery of the 
drop and the longest germ tube of each spore w^as measured. Obser¬ 
vations were continued for 48 hours. However, after 30 hours 
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branching of the germ tubes had become so profuse as to make meas¬ 
urements of germ-tube length unreliable as an index of growth. 
Only the germ tubes of conidia near the periphery of the drops were 
observed, since germination was more vigorous there. The data 
from this experiment arc presented in figure 4. These curves show 
the minimum temperature for germ-tube growth in distilled water 
to lie between 2° and 4°, the optimum between 18° and 21°, with the 
maximum between 28° and 30°. The sudden reduction in rate of 
growth between 21° and 24° is striking. Similar reactions were 
evident in a numlier of germination trials where no measurements 
were made. Tin*, same temperature relation was observed in tlie case 
of the conidia- from a culture isolated from rye but a more tardy 
germination occurred at all temperatures. 



Fk.i kk I -Kelatioii of teiiii>erulurc to coniUial gernuuatiou and germ-tube elongation. 

When conidia. in water are subjected to temperatures of 30° C. and 
above, the (‘.ontents usually become vacuolate and one or both cells 
rupture, extruding their protoplasm into the surrounding liquid. 
Some of the spores remain intact at 30° but at higher temperatures 
(32° and 35°) practically all of them rupture. As stated above, 
conidia in hanging drops were held at tlie several temperatures for 
48 hours. The conidia failing to germinate at 2°, 30°, 32°, and 35° 
were then placed in a 20° chamber. Tlie spores formerly held at 
2° now promptly germinated. A few of the conidia that had not 
ruptured at 30° also germinated. Those held at 32° and 35° were 
all dead. Those spores wliich germinated slowly at 4° were lield at 
that temperature over a period of several days and were observed 
to continue to develop to a degi’ee which would seem sufficient to 
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produce infe(‘.tion. This is of interest in view of the fa(*t that the 
disease makes very rapid develoj)ment on barley in the fall when 
temperatures are near and below freezing for periods of considerable 
duration. 

Spokulation on the Host 

The development of scald following artificial inoculation proc^eeds 
normally in tlie greenhouse during the winter under controlled tem¬ 
peratures ranging from 12° to 24° C. Leaf lesions typical of the dis¬ 
ease are produ(‘.ed, but the fungus failed to produ(*.e conidia in appre¬ 
ciable numbers on all such lesions examined. It was found that 
the limiting factor in conidial production under gi*eenhouso conditions 
was apparently the low humidity, for when plants bearing sterile 
lesions were placed in a glass-moist chamber of 95-percent humidity 
and controlled temperature the lesions became abundantly covered 
with conidia, while controls in the open house at the same temi)erature 
failed to fruit. 

The production of conidia upon the host also seems to be affected 
by temperature. This relation was tested by placing diseased barley 
plants, found to be free of conidia, in a series of moist chambers 
(approximately 95-percent humidity) held at temperatures of 5°, 10°, 
15°, 20°, and 30° C. After a period of 48 hours^ exposure to these 
temperatures the lesions were examined for conidia. The results, 
although not quantitative, were striking. At 5° and 10° numerous 
conidia were produced, yet they were relatively few in contrast to the 
myriads to be obtained from plants held at 15° and 20°. At 30° no 
conidia could be found; however, at this temperature and high humi¬ 
dity the lesions were overrun by various saprophytes which may have 
influenced the scald organism. These temperature relations agree 
quite closely with those for germ-tube elongation, where the fungus 
is wholly inactive at 30° and, although somewhat retarded, effectively 
active at 5°. 

PHYSlOLOCaC SPECIALIZATION 
Material ani> Methods 

The inoculum (conidia and mycelial fragments) for most of the 
experiments reported here was secured from cultures of the organism 
on potato-dextrose agar slants. Except for one culture mentioned 
later, only monos])orous cultures were tested. The (‘onidia, which 
are formed in masses intermixed with mycelium, cannot readily be 
washed from the tubes. Therefore, the fungus mass was removed 
from the tubes, crushed to fine fragments with a spatula,, then taken 
up with water and strained through cheesecloth to remove the larger 
fragments of mycelium. The inoculum was sprayed over the plants 
with an atomizer and allowed to dry. After (hying of the inocidum, 
the plants tested in the greenhouse were reatomized with tap water 
and pla(*.ed in a moist chamber held at 100-percent humidity and a 
temperature of about 20° C. The foliage was kept continuously wet 
for 48 hours, after which the plants were removed to the greimhouse 
bench. In some tests conidial inoculum was washed from disease(i 
host plants. The sources of cultures used in these studies are given 
in table 1. 
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Table 1.- -Cultures of JihyncMsporium secalis a7id R. orthosporwn tested in cross- 
inoculation studiesf with host source a^id place of collection 


Spenesand culture 
no. 

Ilobt source 

Place of collection 

Date of collection 

R. secalis: 

Bll. 

Barley_ 

Aladison, Wis_ 

October 1926_ 

B21. 

.(i()_.... 

.do__ 

October 1927. 

B31. 

.do. 

.do--.-. 

.do.... 

B42. 

.do .... 

Corvallis, Oreg. 

December 1928.... 

B51. 

.._do... 

Madison, Wis... 

June 1929.. 

B^J2 . 

_do_ 

_do_.... 

November 1929. 

B71. 

_do__. 

Corv'ftllis, Oreg_ . _ 

Mftffh IQMl 

B82. 

_do... 

Madison, Wis... 

July 1932. 

BIO .. 

... do__. 

(iermaiiy__ 


Hm 11. 

Hordeum murtnurn _ 

Corvallis, Oreg__ 

February 1934. 

Hjll. 

//. jvbattim ___ 

Madison, W^is._ 

July 1985. 

Ai3. 

Anrnpyrori Tt nens 

.do_...._. 

October 1928. 





A2. 

_do ___ 

_do_-_ 

J line 1,929 . _ _ 

A41 ... __ 

_do ... 

Middleton, W^is_ 

July 1932 . 

Br It_ I 

Hromus inermis _ 

Madison, W’ls. 

October 1928. 

Br. 21. 

.do. 

.do... 

Mav 1929-... 

Br, 51 . 1 

.. . do . 

1.do__ 

June 1929.. -- 

E c 13.1 

fUi/mus caiiadensfs _ 

j_do....... 

October 1928. , 

K. (• 21.1 

.... do.. 

1 Fort Atkinson, W’is. 

May 1929. 1 

K c. 31.i 

_(io .. 

1 Aladison, Wis... 

June 1930__1 

R. H.I 

Rye. 

'.do. 

October 1926., 

K. 21.1 

.do.. 

i.<10.... 

1 October 1927. 1 

R.31.i 

....do .; 

i.do. 

May 1929. 1 

R 41.' 

.do,...| 

1 _do...-.. 

May 1930.' 

R. orthospoTii m 

1 

i 


Dll. 

Dactylis ylomerata .j 

.do__. 

Mav 1927. 

1)21 . 

... do.i 

I Whitewater, Wis_ 

Ma> 1929.' 

1 





Collector 


Writer. 

Do. 

Do. 

H. P. Barsb. 
Writer. 

Do. 

II. Sprague. 
W'rlter. 

H. KlebahD. 
K Sprague. 
Writer. 

Do. 

Do. 

Do. 

Do. 

Do. 

J^o. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do 


The cross inoculations in the field were conducted similarly. After 
spraying the plants with inoculum from cultures they were covered 
for a 48-hour period with muslin tents, which w ere kept moist w ith a 
continuous fine spray of water, after wliich the tents were removed. 
Only seedling plants were tested in the field. 

The host plants were inoculated in the greenhouse in various stages 
of maturity, ranging from seedling to flowering plants. The degree of 
maturity of the plants from the seedling to the flowT>ring stage appar¬ 
ently has no effect on susceptibility of greenhouse or field-grown plants. 
No attempt was made to maintain a definite number of plants of a host 
species in the different trials. Generally from three to several plants, 
growing in one or more 4-inch pots, represented a host species in each 
inoculation series. 

Symptoms ou barley appear earlier than on the other hosts and are 
at maximum development 2 weeks after inoculation. On rye and on 
species of Agropyron, Bromus, Elymns, Dactylis, and Hordeum 3 w eeks 
or longer may be required for full expression of the disease. Observa¬ 
tions for infection w ere made at approximately w eekly intervals, begin¬ 
ning 14 days after inoculation and continuing for 4 w eeks. 

The cross-inoculation studies have involved each of the host species 
from which cultures of the scald organism had been isolated by the 
writer as well as other species of the same genera and a number of 
species of other genera from which no cultures were available. The 
host species from wdiich the cultures used in these studies w ere isolated 
serve to distinguish the physiologic races of the scald organism. Seed 
of the host species dealt with in table 2 were collected in the vicinity 
of Madison, Wis., or La Fayette, Ind. 
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Table 2. —Greenhouse cross-inoculalion studies with Rhijnchosporium secalis and 

R. orthosporurn ^ 


UH Y N OHOS PO UIU M SE C A LIS 








Results on differential host 

s 


Host ^ source of culture 

Culture’des¬ 
ignation 

Date of inocu¬ 
lation 

Barley * 

f a-iH 

Agropyron 

repens 

s s 
s 

... <8 

II 

Elymus 

canadensis 

Hordeum 

jubatum 

Hordeum 

rnurinum 


^Bll.. 

.Tail. 

15,1927 

+ 









B31_ 

Fob, 

23,1929 

+ 


— 

— 

— 

— 

— 



B31_ 

A pr. 

6,1934 

+ 

— 

— 


— 

— 

— 



B31».. 

Mav 

14,19;i4 



— 

— 

— 


_ 

_ 


B42_ 

Feb. 

14,1929 

-f 



— 

— 




Bariey__ 

- B62.. 

Mar. 

15,1930 

-i 

~ 



— 

__ 




B7I.. 

Apr 

1,1931 


_ 


- 

— 


- 



B71.. 

Apr 

10.1934 

+ 

- 

- 

— 

— 

__ 

— 

— 


B82.. 

Mar. 

1I,19.^3 

4 

- 

~ 

_ 

— 



— 


BIO_ 

Apr. 

n,1934 

4 

— 



— 

— 

_ 

— 


BIO_ 

May 

18,1931 

-f 

- 



— 

— 

~ 



U m. 11_ 

Apr. 

9.1931 

1 


_ 

— 

— 

— 

— 


Hordeum rnurinum^. . 

11. ra. 11_ 

U. m. 11... 

Apr. 

Ar>r. 

29,1931 

17,1935 

-{ 

~ 

I 

I 

— 

~ 


f 

4 


111. ra. 11_ 

Feb. 

15.1930 

-f 

__ 

— 

— 

— 

— 




fll.j 11. 

May 

fi. 1931 


— 

— 

— 

— 




Hordeum jubatum.... 

U j. 11. 

]H. j. 11_ 

Feb. 

May 

27.1933 

10.1934 



““ 



— 

4 

f 

— 


U j. 118. 

May 

12,1934 

— 

— 

... 

— 

— 

— 

4 

— 


/A 13.. 

Feb 

25,1929 

— 



_ 

— 

— 

— 



\ 13. 

June 

20,1934 



-H j 

_ 1 

— 

— 




A 2. 

Mar, 

12,1930 


_ 

4 1 

— 

— 


- 


Agropyron re pens . 

<A 2. 

May 

2.1931 

— 


4 

— 

— 

— 




A 41. 

Jan. 

12,19.33 

— 

— 

-1- 

— 

— 





A 41. 

Apr. 

21,1934 

— 

— 

4 


— 



_ 


A 41.. 

May 

19,1934 

— 


4 

— 

— 


... 



Br. 14. 

Mar. 

7,1929 

_ 

_ 

- 1 

f- 

_ 

_ 

__ 


Bromus inermis . 

''Br. 21. 

Mar 

10,1930 

— 

— 

... 

)■ 

_ 

— 




Br, 51 . 

Feb. 

18,1932 

— 

— 

- 

f- 


— 

— 



fE c. 13.. 

Mar. 19,1929 

— 

— 

_ 

— 

— 

4 

_ 

.. 

Elymus canadensis _ 

E. c. 21. 

|E c 31. 

Feb. 

Feb. 

14,1930 
24,1932 i 

” 

I 

— 

— 

— 

4 

4- 

— 

— 


E. c. 31. 

Feb. 

21,1933 

— 

— 

— 1 


— 

4 

— 

_ 


«^R 21. 

R 41.. 

1929 1 

— 

4 

— 1 


— 



.. 

Rye. 

Mar. 

7,1920 

— 

-f 

— j 

— 

— 

— 

— 



Feb 

28,1931 


-H 

' 


— 

_ 

... 















RIIYNCHOSPORIUM ORTIIOSPORUM 



fl) 11. 

Mar. 17,1929 



4 




Dactylis glomerata.... 

Id 11.. 

* ID 21. 

Apr. 16,19.34 
Mar. 17,1930 

“ — — 

— 

4 

4 


— 

— 


Id 21. 

Apr. 4,1934 

— — — 


4 

1 





1 Infection is indicated by a plus (+) sign; failure to infect by a minus (~) sign; no test made is indicated 
by leaders. 

» All inoculum was produced in potato-dextrose agar culture except as stated in footnotes. 

5 All euitures except A 2 were derived from isolated single conidia. 

< Oderbrucker barley (Wisconsin Pedigree 6) and Schlanstedt rye were used in tests made during the 
period 1927-30 and Oderbrucker (C. 1.182) and Rosen rye during the period 1931-36. 

»Inoculum washed from leaves of infected barley 

® Inoculum washed from leaves of infected flordeum juhatum. 

Results of Cross Inoculation Trials 

From tables 2 and 3 it is apparent that the cultures of Rhyncho- 
sporium secalis tested in this study represent six highly specialized 
physiologic races which can be distinguished by their ability to attack 
the six hosts rye, barley, Agropyron repens, Bromus inermis, Elymus 
canadensis y and Horde am juhatum. 

The race of Rhynchosporimn secalis attacking cultivated barley 
{Hordeum vulgare?) is represented here by a total of eight cultures from 
the States of Wisconsin and Oregon and one from Germany. In 
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these tests this race has been unable to attack any of the species 
inoculated except barley. No variation in host specialization oc¬ 
curred among the several cultures of this race. Two of them, how¬ 
ever, cultures B71 from Wisconsin and BlO from Germany, produced 
symptoms more slowly than the others and fruited sparingly, while 
the others fruited abundantly when exposed to high humidities for 24 
hours. The culture from //. murinum is apparently the same or a 
closely related form, appeuring identical in its effe(*,t on barley and in 
addition attacking II. mnrmum in two of the four tests conducted. 
It is likewise similar to the barley race in culture Neither the cultures 
from barley nor tliose from II. murhnnn were able to attack II. 
nodosum or H. pusillum. Tlie field inoculation tests with the barley 
race are in agreement with tfic greenhouse tests. The barley varieties 
Oderbrucker and Wisconsin Pedigree 39 w^ere susceptible to two cul¬ 
tures of the barley race, w hih' tw o varieties each of rye, oats, and wheat 
were immune. 

Tarlf: —Fidii cross-inoculation studies with Rhynchosporium secalis 


Kesults witli cultures from - 


Oram uud variety inoculated 


Bariev 

oderbrucker-- 

W'lsconsm IVdigreo Htb. 
liye 

Schlaiistcdt. 

Roscu. .. 

Oats 

Kherson 

Swedish Select . 
W'heat 

MarquiS-. 

Turkey. 


1 ■ 

Barley | Jtye 


j 

Bi^l i 

K21 

K31 

T.eaves 
inocu¬ 
lated 

Leave.s 

infected 

Leaves 

iuocii- 

latcil 

1 

I.eaves ! 
infected 

1 Lea\ es 
mocu- 
j lated 

1 

1 LeaM*s 
j infected 

1 T^eax es 
inoc'U- 
1 lated 

! 

1 Leaves 

1 infected 

1 

1 

j Xu miter 

Number 

Number 

'Xumber\ 

Number 

1 Nu ntber ' Number 

Number 

\ m 

03 i 

315 1 

1 

i 159 

0 

279 

0 

i 

31 

198 

110 1 

159 

0 

219 ; 

0 

, 297 

0 

390 

0 

210 

25 

418 

42 

> 28H 

0 

330 


189 1 

38 

300 

39 

198 

0 

258 

0 i 

i 192 

0 

197 

0 

183 

0 

174 i 


! 

0 

240 

I « 

192 

0 

278 1 

9 

i 231 

9 

270 

0 

237 

0 1 

357 i 

i 

0 i 

135 

0 1 

' 1 

240 

9 


An experiment on overwintering of the scald organism reported 
below (table 4) ])rovided another test of specialization of the barley 
race. In April and May 1927, barley and rye were exposed in a moist 
chamber to dead scald-infected leaves of barley that had lain in the 
open during the winter. This exposure resulted in a heavy infection 
of the barley and no infection of the rye. 

A specific race of Rktynchosporium secalis, as represented by one 
culture from Madison, Wis., occurs on Hordeum juhatum. This race 
is distinct from that on cultivated barley and II. murinum. It at¬ 
tacked neither of those hosts nor any of the other hosts, here con¬ 
sidered as difl’crential species. It is, however, very aggressive in its 
attack of 11. jubatum. It also attacks //. nodosum and H. pmillum. 

A distinct race of Rhynchosporium secalis attacking rye is represented 
in these studies by three cultures, all collected near Madison. This 
race is able to attack only rye among the differential hosts. No other 
host species has been found to be susceptible. The field inoculations 
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with two cultures of this race showed Schlanstedt and Rosen rye to 
be susceptible, while two varieties each of barley, oats, and wheat 
were immune. 

Agropyron repens is likewise attacked by a distinct specialized race 
of the scald fungus. Three cultures, two of which came from the 
vicinity of Madison and one from Middletown, Wis., represent the 
race. This race also attacks A. tenerum but none of the other differ¬ 
ential species. 

Three cultures from Elymus canadensis represent a distinct race of 
Rhynchosporium secalis attacking E. canadensis but none of the other 
differential species. E, inrginicus^ E, striatusy and Agropyron tenerum 
were also infected. This race is the only one studied which was found 
to be capable of attacking a host species of a genus other than that 
from which it was isolated. 


Table 4.— i^cald infection resulting from contact of seedling barley and rye with dead 
overwintered^ scald-infected barley plants 


Host plants exposed 


Leaves ex¬ 
posed 


Leaves infected 


Oderbrucker barley. 
Schlanstedt rye. 



A separate race of Rhynchosporium secalis is specialized on Bromus 
inermis and other species of Bromus. Three cultures from the 
vicinity of Madison represent this race. WTiile failing to attack any 
of the differential species other than B, inermisy this race has pro¬ 
duced infection on B. arenariuSy B. lanuginosusy B. madritensisy and 
B. villosus. 

Two cultures of Rhynchosporium orthosporuniy isolated from I)ac- 
tylis glomerata collected at Madison and Whitewater, Wis., have been 
tested for pathogenicity on the differential hosts of the six races of 
R. secalis (table 2). Like the races of R. secalisy it shows a high degree 
of host specificity, being unable to attack any variety inoculated 
other than D. glomerata. 

A number of additional species reported to be susceptible in (Ger¬ 
many by Bartels (f), but from which no cultures were available, have 
been included in these inoculation studies with negative results. 
This group includes the species Cynosurus cristatusy Ilolcus lanatusy 
Lolium italicumy L, perennCy Phleum pratensCy and Poa pratensis. 
These species proved to be immune to one or more cultures of each 
of the races of Rhynchosporium. secalis included in this study with the 
exception of C. cristatuSy which was not tested to the Bromus race. 
Bartels {1) also found AgrosHs stolonifera to be susceptible, while the 
closely related or synonymous species, .^1. alboy was immune from all 
of the races tested in the present work. 

CuLTUitAL Characters of Physiologic Races 

One representative culture of each of five physiologic races of 
Rhynchosporium secalis and one of R. orthosporum have been com¬ 
pared in Petri dish cultures. Cultures of the race on llordeum juhatmu 
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were not available when this comparison was made. The media used 
were potato-dextrose and malt agar containing 1.5 percent of Bacto 
agar and 2 percent of dextrose and malt extract, respectively. Each 
plate contained 40 cc of the medium. The plates were inoculated in 
the centers with approximately etjiial masses of mycelium from 
monosporous cultures of the several races growing on malt agar. 

The type of growth upon the two media was similar for any one race, 
although all races grow more rapidly on the potato-dextrose agar. 
Two general types of growth were to be distinguished among the six 
cultures (pi. 4). Rhynchosporium orthospornm and races of R. secalis 
from rye, Bromus inermis, and Elymus canadensis grew out from the 
inoculum center in a uniform radial manner, while races from barley 
and Agropyron repens heaped up to form irregular masses of mycelium 
and conidia. Differences in pigmentation were marked between the 
several races. The colonies of the barley race soon darkened and 
within 2 weeks were almost black. The race from A, repens was 
(|uite similar to that from barley but retained a light-pink cast. 
C\)lonies of the races from E. canadensis and rye remained light in 
color, while the colony from B, inermis became brown and produced 
a brown pigment which stained the medium about the colony. R, 
orthospornm soon developed a very dark pigment. These characters 
are relatively constant for each race as described and appeared in all 
isolations obtained. 

Differences in abundance of fructification arc marked and constant 
between certain races, but this character may vary in different cultures 
of other races. In the variable races a culture may change from 
fruitfulness to near sterility or the reverse. The barley race is uni¬ 
formly highly conidial and has never deviated from this character. 
Cultures of the Agropyron race were similar in this respect although 
somewhat less fruitful. The race from rye is distinguished by the 
jxi-oduction of very few conidia in all cultures obtained. The races 
from Elymus canadensis and Bromus inermis are notable for their 
variability, some cultures producing abundant conidia and others 
none. Furthermore, a fruitful culture of these races may change to 
almost complete sterility. Attempts to influence fruitfulness in cul¬ 
tures by variations in nutrients and pH of media, temperature, and 
light have been unsuccessful. 

Morphology of Conidia of Physiologic Races 

A (‘omparative study has been made of the shape and size of the 
conidia of six physiologic races of Rhynchosporium secalis and of R. 
orthospornm as produced upon the host in nature and in culture. 
Fifty conidia of each race from the host, and the same number from 
7- to 10-day-old, simultaneously gi-own, corn meal agar cultures, were 
measured and morphologically compared. Only mature conidia 
were considered, clearly evident septation being the criterion of 
maturity. 

The conidia of the several races from the hosts proved to have no 
distinguishing features either in shape or size (table 5 and fig. 1). 
Thus Rhynchosporium secalis is a relatively homogeneous species as 
far as conidia from the hosts are concenied. 
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Table 5 .—Measurements of conidia from host plants and cultures of races of Hhyn- 
chosponum sevabs and of It. orthosporum^'^ 
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4 3 
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2 .I 

3 Odr . 03 

1 

3 IJr 10 

1 Measurements w’ero of .'iO spore samples of conidia from both host and cultures. 

('onidia weie jirodined 


in corn nieal-atrar cultures (»to 10 tla>.s old. 

This was not true, however, of conidia from culture, amon^ which 
marked and consistent diflerences between some ra(*es were evident. 
Thus the mean lengths of conidia of the barley and Brornus inerrnis 
races were 17.1m and 18.3m, respectively, while those of the Agropyron 
repens and rye races were 13.2m and 12.7m, respectively. The situation 
is reversed relative to diameter, those of the rye and A, repens races 
exceeding those of the barley and B, inermis races. 

Discussion of Physiolooic Specialization 

Two workers in Germany have ])ublished the results of cross¬ 
inoculation studies with Rhynehosporivrn secalisj indicating that 
collections of this organism from several liost species in Germany dis- 

E lay no differences in host specialization, lleinsen (12) sprayed 
arley, rye, wheat, and oats with a conidial suspension of R. secalis 
both in the field and greenhouse and obtained hc'avy infection of barley 
and rye, light infection of wheat, and no infection of oats. The source 
of his conidia was not given. Therefore one cannot be certain that 
he was not dealing with a mixture of races, lie reports, liowever, 
one apparent case of spread of scald from rye to barley in field jdots. 
Bartels {1) conducted cross inoculations involving conidial inoculum 
taken directly from barley, rye, Ilordeum, murinurn y and Lolivm 
perenne, with which he inoculated the cereal hosts barley, r3"e, wheat, 
and oats, and grass hosts of the genera Agropyron, AgrostiSy Brornus, 
Cynosurus, Ilordeum, Lolium, Uolcus, and Phleurn. In addition, 
conidial inoculum from an agar culture, isolated from IIolcus lanatus, 
was tested. lie reported successful transmission of the disease from 
each of these conidial sources to each of the hosts tested, from whicli 
he concluded, therefore, that tliere were no specialized races of R. 
secalis. Brooks (2), in England, has stated that R. secalis on ''wild 
grasses” "undoubtedly may be a source of infection to crop plants.” 
A suggestion of nonspecialization in Oregon has been given by Barss 
in a report that scald was more severe on rye following barley in the 
rotation than when following other crops. 


See footnote 5. 
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The writor^s observations of scald in the field lead to the conclusion 
that very restricted host specialization exists in the species Rhyn- 
chosporium secalis. The following field records provide evidence. 

June 6, 1928, Madison, Agropynm repens in a field of severely infected rye was 
uninfected; Bromus inermis in a patch of severely infected A. repens was unin¬ 
fected, wliile at a distance of about a mile H. inermis was severely infected; Ilordeum 
juhaium was uninfti(!t(‘d although growing intermixed with infected B. inermis. 

June 21, 1928, Madison, wheat plots adjacent to severely infected barley plots 
w'ere uninfected. (Wheat has been reported to be susceptii)le once in Germany 
and once in Washington.) 

July 7, 1930, Madison, abundant Agropyron repens and timothy growing in a 
severely scald-infected barley plot were uninfected. (Timothy has been rei)ortod 
to be susceptiide in Germany.) 

There appears to be no explanation of the extreme diversity be¬ 
tween the results of Bartels (7) and Heinsen {12) in Germany and 
those of the writer. Only one culture of the scald fungus from Ger¬ 
many has be(ui studied by the writer. This was secured from the 
(Vntral-Burcau Voor S(*himmelcultures with the statement by Prof. 
Joint. Westerdijk that it is ^^one of the strains with Avhich Bartels 
worked.” In the writer's test this strain, designated BlO, appeared 
to be specialized, producing infection only on cultivated barley (table 
2). it difiers in pathogenicity from most of the American cultures 
of the barley race only in producing symptoms on the host more 
slowly and sporulatiug less abundantly. However, one American 
culture, B71, behaved similarly. In cuhure the Bartels strain failed 
to produce the characteristic black ])igment in old cultures as do those 
from North America. 

Th(‘ only apparent. difFerence in the t.echrii(|ue used in the cross¬ 
inoculation t(*.sts of Bartels and those of the wuiter is that the former 
worked mainly with host-borne conidia wdiile the latter mainly used 
conidia from (‘ulture. Ihnvever, in one case, Bartels reported work¬ 
ing with inocidum from a culture isolated from Holcvs lanatus, and 
finding the plurivorous relation as with host conidia from other 
species. On the other hand, the WTiter, in one inoculation trial each 
with the Ilordevrn jubatum and barley races, used host-borne conidia 
and found the sanu' specializ(‘d condition as determined with inoculum 
from culture. Likewise inoculum from overwintered, naturally in¬ 
fected barley failed to attack rye, although it heavily infecied barley. 
Thus the source of inoculum, i. e., from culture or host plant, did not 
affect the results of either Bartels or of the w riter and will not serve as 
an explanation of their diverse results. Only the further exchange of 
cultures can ch»ar up tln^ apparently anomalous situation of extreme 
host specialization of a species in North America and the absence of 
specialization in Europe. 

LIFE HISTORY 

Si:a.sonal Cycle of Occukhenck 

Scald becomes evident in early spring on cereals and grasses in 
the North Central vStates as soon as the first green foliage appears. 
With favorable conditions for development, the disease becomes 
progressively more prevalent on barley and rye until ripening of the 
crop. In the fall, volunteer barley plants may be heavily infected. 
The same general cycle occurs on the grasses, the disease developing 
abundantly in spring and fall and but little during the high tem¬ 
peratures of July and August. 
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( )VERWINTE HI N G 

The means of overwintering of Rhynchosporium secalis in the 
Northern States has not been known. It has been stated (1) that 
the organism passes the winter in an active state upon winter grains, 
which might acciount for the overwintering of the rye race and races 
on perennial grasses but not that of the barley race in the spring 
barley region. Heinscn {12) reported the scald fungus to be capable 
of saprophytic development in the soil in the greenhouse wherein its 
viability was maintained for a 15-month period, after which seedlings 
grown in the infested soil developed the disease. Bartels {1) also 
found the organism to grow in soil and persist there for a period of 6 
months. The writer has been unable to detect growth of the organ¬ 
ism on greenhouse compost soil when inoculated with a suspension of 
(^onidia and mycelium of the barley race or to secure infection of 
barley grown in such soil. 

The possibility of overwintering and spread of scald in or on the 
seed was investigated in 1931 by an extensive sowing of barley seed 
from a severely infected field, upon soil where no scald was known to 
have occurred. The seed was of Wisconsin Pedigree 6 barley, produced 
at Madison in 1930 on severely scald-infected plants. The planting 
was made at La Fayette, Ind., in April 1931. No scald appeared in 
this planting. 

Definite evidence of overwintering of Rhynchosporium secalis upon 
dead volunteer barley plants in the field has been secured by the 
writer at Madison. During the winters of 1920 27 and 1927-28, 
examination of dead infected leaves at regular intervals failed to 
demonstrate the survival of conidia until spring. During April and 
May 1927, however, the exposure of young barley seedlings as they 
emerged from the soil to such infected barley plant refuse resulted in 
heavy infection (table 4). The seedlings were kept in a high-huinidity 
chamber and frequently sprayed with water during this exposure to 
the plant refuse. Thus, abundant viable inoculum was present on the 
overwintered plant refuse even though no conidia could bo found 
previous to the inoculation trial. 

In April 1929, dead, scald-infected barley plants that had been ke])t 
in the open field during the winter were found to bear abundant 
conidia after being exposed to room temperature and high atmospheric 
humidity for a few days. It appears probable that overwintering is 
accomplished by the fertile stroma of the scald fungus which resumes 
the production of conidia when warm temperatures return in the spring. 

The observations and culture studies of other workers and the 
writer have failed to demonstrate the existence of a perfect stage which 
might servo as a spring source of inoculum. 

SUMMARY AND CONCLUSIONS 

Scald caused by Rhynchosporium spp. attacks primarily the leaf 
blades and to a lesser extent the leaf sheaths of barley, rye, and a 
number of grasses in the United States. The symptoms of the disease 
are the appearance of darkened water-soaked leaf spots, usually of 
lenticular shape followed by a drying and bleaching of the lesions 
wliich develop typical dark-brown margins. The simultaneous occur¬ 
rence of many water-soaked areas covered by a gray subcuticular 
mycelium produces the appearance of scalding. 
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Scald is widespread in Europe and North America and has been 
reported from Tunis, Argentina, Peru, and Australia. The disease is 
often of little economic importance but is severe in the Pacific Coast 
States where estimated losses have amounted to from 20 to 30 percent. 

An emended description of the genus Rhynchosporium has been 
presented, based upon the distinctive fertile stroma and manner of 
sporulation of the type species, R, secalis (Oud.) Davis. The valid 
binomial of the scald fungus occurring on barley, rye, and a number of 
grasses is R, secalis (Oud.) Davis. 

Scald of Dactylis glomerata L. is caused by a fungus species that 
is definitely a member of the genus Rhynchosporium but has cylindrical 
conidia, which differentiate it from R, secalis, which has apically beaked 
conidia. The new species on Z>. glomerata has been described here as 
R. orthosporum sp. nov. 

At present Rhynchosporium secalis and R, orthosporum are the only 
legitimate species in the genus Rhynchosporium as here defined. R. 
alismatis (Oud.) Davis, occurring on Sagittaria and Alisma, is excluded 
from the genus Rhynchosporium since its conidia are borne on flask- 
shaped conidiophores and it lacks the characteristic fertile stroma of 
this genus. 

A high degree of host specialization has been found within the species, 
Rhynchosporium secalis. Six specialized races were found which can 
be distinguished by their capacity or incapacity to parasitize the 
host plants, namely, Secale cereale (rye), Ilordeum vulgare (barley), 
Agropyron repens, Bromus inermis, Elymus canadensis, and Il.jubatum 
in greenhouse and field inoculations. The existence of specialized 
races also is evidenced in the natural occurrence of this fungus in the 
field. Each race has displayed some constant and distinctive charac¬ 
ters in artificial culture. 

The conidia of the different races of Rhynchosporium secalis 
produced upon the hosts showed no important morphologic difl*erences, 
while in culture distinct and constant diff'erences between certain 
races were evident both in form of conidia and cultural characters. 

C\>nidial germination proceeds readily in distilled water, occurring 
within the temperature range 4° to 28® C. The optimum temperature 
for germ-tube elongation lies betw^een 18® and 21®. In distilled water, 
at and above a temperature of 30®, the conidia rupture and extrude 
the cytoplasm into the surrounding medium. 

Fructification of the fungus is inhibited at the low relative humidities 
afforded by the greenhouse in winter, but occurs abundantly at high 
humidities. 

Parasitism of barley by Rhynchosporium secalis is initiated by direct 
penetration of the leaf cuticle from appressoria, the mycelium establish¬ 
ing itself and makingits initial development in the subcuticular position. 

The enlargement of the infected area is accomplished by spread of 
the subcuticular mycelium. The epidermal cells collapse under the 
subcuticular mycelium being the first tissue to show the effects of 
the disease. Following epidermal collapse, the mycelium repeatedly 
penetrates from the subcuticular position into an intercellular position 
witliin the mesophyll, causing almost immediate collapse of that tissue. 
Relatively sparse development of mycelium occurs in the mesophyll 
tissue. 

The subcuticular mycelium proliferates and enlarges, pusliing the 
cuticle away from the epidermal wall, to form a fertile stroma, from 
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one to several cells in thickness, on the lesion surface. Fructification 
follows on the fertile stroma, covering the collapsed area of the lesion. 
Conidia are borne directly on the sides of the cells of fertile stroma 
on the surface of the lesion. 

The barley race has been shown to overwinter in Wisconsin on 
dead tissues of plants infected during the previous season. 
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THE BIOLOGY OF PLATYGASTER HERRICKII, A PARASITE 
OF THE HESSIAN FLY ‘ 

By C. C. Hill, associate entomologist^ and W. T. Emery, assistant entomologist. 

Division of Cereal and Forage Insect Investigations, Bureau of Entomology and 

Plant Quarantine, United States Department of Agriculture ^ 

INTRODUCTION 

Platygaster herrirkii Packard ^ is an important parasite of the lies- 
sian fly, Phi/tophaga destrucior (Say), in certain sections of the United 
States. Little lias been published on it except from tlie taxonomic 
point of view. In 1933 Gahan (/) ^ gave a history of the literature 
together witli a full redescription of the adult. Valuable unpublished 
obs(U‘vations on its behavior ami development were made as early as 
1910, by the late W. R. McCVmnell, and descriptions of egg, first- 
instar larva, and imdhods of oviposition were deposited by liim in 
official files of that year. The senior author began observations of 
its morphology and activity in the eastern coastal States in 1920, 
and since then lias accumulated information as he has had the op])()r- 
t unity. Mor(^ recently the junior author began work on the occurrence 
and habits of this jiarasite in the West Central States. 

DISTRIBUTION AND ECONOMIC IMPORTANCE 

Plntygaister herrickll has been collected from most of the winter- 
wlieat-growing sections of the United States (fig. 1). It is an impor¬ 
tant |)arasite of the first sjiring brood of the hessian fly in the 
southeastern portion of the wheat-growing sections and west of the 
Mississippi Riv<‘r in parts of Missouri, Iowa, Kansas, Nebraska, and 
Oregon. Parasitization by this species has been found to be as high 
as 25 percent of the host puparia in North C^irolina, 20 percent in 
the extriMiie southern part of Virginia, and 3 piu’cent in central Vir¬ 
ginia. North of latitude 3cS° in the eastern coastal States little 
parasitization has been observed. Survevs made in 1931 and 1932 
showed 30 percent parasitization by this spedes in southwestern 
Iowa, 14 jiercent in Missouri, 0 percent in Nebraska, and 1 per¬ 
cent in northeastern tiklahoma. In Oregon, Rockwood (W) has 
retiorted P. herrickii as parasitizing large numbers of hessian flies, 
but he says that it appears to be more susceptible to desiccation than 
(Uther its host or the siTphoid parasite P. hie malls Forbes. Reeher 
found, in tlie vicinity of Forest- Grove, Oreg., in 1930 an average of 
14 percent jiarasitization by this species, with a maximum of 33 per¬ 
cent in one field, and in 1931 an average of more than !(> percent. 

In the regions of its greatest abundance Platygaster herrickii 
usually occupies more species of hosts tlian do any of the other hessian 

' Reecjveii for publicntion Nov. 0, 1930; Issued August 19^17. 

'Tho authors acknowledge their indebtedness to P. N. Annand, under whose general sui^ervision the work 
was done, to M. M. Keeher for contributions on the biology of the parasite in the State of Oregon; to C. M. 
Packard and W. R. Walton for criticism of the manuscript, to J R. Horton for helpful suggestions; and to 
IJ I) Smith, J S. Pinckney. H. H. Walkden, and E. T. Jones for various collections of material and dis¬ 
tributional records. 
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fly parasites except Eupehnus allynii (French), and, in terms defined 
by Smith (7^), it is “extrinsicaUy superior” to them. However, as 
it is practically defenseless against the typical chalcidoid parasites 
when competing with them in the same host, it may be considered 
as ^Intrinsically inferior” to all the principal chalcidoids. 

As a supplementary parasite Platygaster herrickii is important 
largely for two reasons: (1) It works abundantly in those sections of 
the South and West where another important serphoid parasite of 
the hessian fly, P. zosine Walker, fails to thrive, and thus lielps to 
maintain a liigher degree of parasitizatioii than would otherwise be 
possible; and (2) by ovipositing in the egg instead of the later stages 
of the host, as do the chalcidoids, it is able to parasitize hosts that 
later in the season become inaccessible to chalcidoid attack. 



Figurk l.—Ueographical distribution of Platygaster herrtckii. Dots show localities where specimens have 

been collected 


TECHNIQUE 

Specimens were studied in to to wliile alive in normal salt solution 
or Kinger^s solution and also after having been killed and fixed in 
Bouin^s fluid. Parasitized host larvae for sectioning wore lixed in 
Bouin^s fluid. Most of the parasitized host eggs, however, were fixed 
in Hermann’s fluid or Flemming^s solution, which stained them black 
and rendered them easier to handle in embedding and sectioning. 
Further to facilitate handling, several eggs at a time were tied up in 
tiny, fine muslin bags before being passed through the reagents prior 
to embedding. The paraffin method was used with a Minot rotaiy 
microtome. Iron haematoxylin was used for staining the microtomic 
sections illustrated in figure 5, B to //, and chloral haematoxyUn 
counterstained with orange G for those illustrated in figure 6 , A to H. 
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THE ADULT ^ 

GENERAL APPEARANCE AND SEX DIFFERENCES 

The adult (fig. 2, A) is approximately 1.5 to 2.2 mm long, and 
shiny black with grayish pubescence. The ovipositor is curved, 
slender, slightly attenuated, and each sheath valve (third valvula) 
(fig. 5, K) bears seven setae near its extremity and three hyaline 
tubercles distributed along its distal half. The dark sclerotic portion 
of the sheath ranges in length from 0.33 to 0.44 mm. 

The sexes may be differentiated by the antennae (fig. 2, B)y the 
second joint of the flagellum being broader in the male than in the 




Fkji'HE 2 —Platygaster herrickii. A, Adult female, X 32; B, male and female (V) antennae, X 85. 


female, and by the shape of the abdomen, which is distinctly pointed 
in the female, whereas in the male it is more spatulate and the tip 
curves more definitely downward. The wings protrude farther beyond 
the tip of the abdomen in the male than in the female. 

COMPARISON WITH OTHER SERPHOID PARASITES OP THE HESSIAN FLY 

Platygaster herrickii can be distinguished from the other serphoid 
parasites of the hessian fly, P. zosine and P. hiernalis^ by its distinctly 
larger size and the presence of conspicuous parapsidal grooves. It is 


* For a technical description of the adult refer to Gahan’s (f) rcdoscrlption published in 1933. 
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about the same size as and in many respects resembles both Trichacis 
remuluH (Walker) and Platygaster pleuron (Walker). It may readily 
be distinguished from T. remvlus by the absence of the tuft of short 
gray hairs near the a])ex of the scutellum which characterizes the 
latter parasite, and it differs distinctly from P. plenroti by the absence 
of the many longitudinal striations along the basal half of the dorsal 
and ventral surfaces of the abdomen (fig. 3). The face of P. herrickii 
is so faintly punctate as to appear smooth and shiny except for coarse 
rugulations near the base of the antennae, while the face of P. pleurori 
is closely and distinctly punctate and has no conspicuous rugulations. 

The ovipositor also distinguislies Platygaster herrickii from these 
other serphoids, although there is a marked resemblance in all except 
P, zosifie. As ill the case of P, herrickii^ each ovipositor sheath valve 

of both P. hiemalis and Trichacis rernulus 
bears only three of the hyaline tubercles, 
but the entire ovipositor of P, hiewalis 
is only about one-third as large as that of 
P. herrickiiy and in T. rem ulus tlu^ tuber¬ 
cles are placed much closer together. 1 ri 
P. pleuron the ovipositor sheath valve 
bears five or six hyaline tubercles instead 
of three, a distinct point of differeiitia- 
tion. In P. zosine the ovipositor is a 
third smaller, with sheath valves straight 
instead of curved, and blunt at the 
extremitv instead of attenuated. 



Fkittre 3 —Dorsal surfaev of the abdoirion 
of (.1) Platyuafttf'r herrickn and (l-i) P 
ptfuron X 37 


OVIPOSITION 


The female oviposits in the hessian fly egg. The host eggs are 
slender, reddish, rod-shaped, about 0.4 mm long, and are usually 
found sparsely s(*atU^red over the upper surface of the wdieat leaves. 

In searcliing for the eggs, the jiarasite walks hurriedly over the 
wheat leaves and constantly vibrates her antennae, letting their tips 
brush the surface of the leaf. Upon striking a hc^ssian fly egg she 
strokes it rapidly with the tips of both antennae for about half a second. 
Then, with body parallel to the length of the egg, she draws herself 
over and a short distance beyond it and feels about for it with the tip 
of her extended ovipositor. Sometimes she misses the egg entirely 
and walks away, but more often slic finds it and inserts the ovipositor 
into its upper surface. Wliile dc'positing an egg she stands with head 
and antennae down, wings folded over the back, and motionless except 
for a slight rhythmic movement of the abdomen. vShe appears to 
oviposit quite as readily wdien facing <lownward as when facing up- 
wuird on the leaf. 

Two females were timed for the number of seconds the ovipositor 
was held in a host egg. In 30 ovipositions the time w as found to range 
from 5 to 20 seconds, with an average of 14, 

Host eggs freshly oviposited into by Platygaster herrickii showed 
only a single egg per insertion, and observations made by the late 
W. R. McConnell agree with this. 

HABITS AND OTHER CHARACTERISTICS 

When emerging from the host, the parasite makes a circular or 
irregular hole from 0.5 to 0.7 mm in diameter near one end of the 
puparium (fig. 4). 
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An examination of 200 Platygafiter herrickii adults, taken at random 
from eight localities in Missouri, three in Nebraska, and ont^ in Kan¬ 
sas, showed 102 females and 98 males, which indicates the sex ratio to 
be nearly eciual. 

Platyaaster herrickii is capable of parthenogenetic reproduction, and, 
as is W(al known, this results in male offs])ring only. 

The a<lult Platygaster herrickii^ 
when molested, appears to feign 
death, drawing its legs and antennae 
up close to the body, although in 
actual death the antennae and legs 
are stretched away from the body. 

If distuibed while crawling over the 
wheat leaves, it quickly drops to 
the p’ound. It is positively ])hototropic, as demonstrated by its be¬ 
havior under the wxiters’ obscuration for many years. 



Full'HE 1 fh iHipanuin sliowiiitu oxit 

Irnlt* through whu'h sm adult J’lntyyastrr 
herricktt hius X 22. 


thp: egg and embryonic development 

nESCRIPTION OF EGG AT TIME OF OVIPOSITION 

The egg (fig. 5, A) of Platygaster herrickii is hyaline, highly refrac¬ 
tive, aiul immediately after oviposition is 0.06 mm long and 0.03 mm 
wide. It is subellipsoidal, with the caudal extremity slightly attenu¬ 
ated and usually tui*ncd a little to one side. The cephalic end is well 
rounded, with two or three short, fiagellumlike, follicular adherencies. 


EMUHY01A)GICAL DEVELOPMENT 

The parasite egg develops simultaneously ^^ith that of its host. A 
sa^ttal section of a host egg with a freshly deposited parasite egg 
lying \\ithin it is shown in figure 6, (\ P'igure 5, /^, depicts the same 
parasite egg greatly enlarged and shows the jmsition of sperm and 
nucleus. An egg 3 hours old, showing the appearance at first matu¬ 
ration, is illustrated in figure 5, C, and eggs 3 days old, wdiich have 
reached the four-cell cleavage stage, in figure 5, D and K. The devel- 
ojxment so far described is essentially like that of Platygaster hiemalis 
Forbes and P, renialis (Myers) (~/^ zosine \Ahlker) as related by 
Leibv and Hill G), except that at the time the embryonic nuclei 
ietn) reach the four-cell cleavage stage the paranuclear mass {pa^ 
within the trophamnion itro) has not yet broken up into the several 
small distinct masses such as are usually found in /^. zosine, 

Th(' embryo continues to develop in moneinbryonic manner, rather 
than by polyembryony as in the case of Platygaster zosine or by 
twinning as does P, hiemalis, wSuccessive advan(*ements of develo])- 
ment in the morula and blastula forms are showm in figure 5, G, 
and Ily and figure 6, .1. These stages are similar to those shown by 
Silvestri {it) for P, dryomyiae Silv., and to those of the moneinbryonic 
forms of P, hiemalis as shown by Leiby and Hill (J). P. herrickii^ 
how ever, does not accumulate about itself an adventitious cyst of host 
tissue as do these other species of Platygaster, 

PSEUDOGERMS 

Beginning with the blastula stage, an interesting demarcation of 
development takes place in the paranuclear body of the trophamninn. 
During the period of blastula formation this body becomes broken 
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Fiourjb 5.—Platyga8ter herrickii: A, Freshly deposited egK, X 433; B, sagittal sectiou of freshly depiosited 
egg with nucleus (n) and sperm («p), X 1,306, C, egg 3 hours old showing sperm or male nucleus {sp) 
and hrst maturation stage (mo), X 1,060; D and E, eggs 3 days old showing embryo (em) at the four-cell 
stage of division, paranuclear mass (pa), and trophamnion (tro), X 070; F, section of egg 2 days old in 
morula stage, with paranuclear mass (pa) lieginning to break up, X 1,087; O, section of egg 4 days old 
beginning to show biastula characteristics, X 1,000; H, section of another egg 4 days old showing distmct 
blestula formation (bl) and a well-defined paranuclear mass (pa), X 974: /, dorsal aspect of primary larva 
with head bent forward in normal position, showing mandibles im) ana sclerotic projection (spr) on infe¬ 
rior lip, X 273; J, ventral aspect of head, showing antennae (a), oral cavity (oc), mandibles (m), and 
sclerotic projection (spr) on inferior lip, X 314; K, sheath valve of ovipositor, X 270 





I 



FjciURK 6.~"PhoU)|u:ra])hic studies ® of Platygasterherncku: A, Microtomic section of egt? in advanced blastula 
stage, sljowing pifraniicloar mass (po) breaking up Into several bodies, X 42.'5, B, section of egg sfiowmg 
embryo (em) in advanced stage of development and paranuclear muss (pa) divided into numerous small 
bodies, X 350; C, sagittal section of a host egg with a freshly deposited egg (pc) lodged within, X|241; 
D and jK, sections at different points through a parasitic body with embryo (em) about ready to hatch 
and pseudogerms (p«) which have commenced precocious development, X 116; F, section through a 
cluster of pseudogerms shortly after the larva has hateiied, X 106; O, cross section through a single pseu¬ 
dogerm, X 131; //, sagittal section through a portion of a hessian ffy larva showing parasite egg (pe) in 
an advanced stage of development with pseudogerms greatly enlarged, a primary larva (pf) that has 
recently hatched from another egg, and pseudogerms (ps) released from this egg and scattered about 
in the body cavity of the host, X 65; /, ventral aspect of entire primary larva. X 04, 


•Photomicrographs made by E. J. Udine. 
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up (fig. f), .^1), and as the embryonic lievelopment progresses many 
(listiiict bodies appear (fig. 6, B), In the individual illustrated (fig. 
(), B) the embryonic membranes are forming and the paranuclear 
mass has already divided into many nuclei. Some of the best defined 
ones are oval and 0.010 mm long. At this stage the paranuclear 
bodies begin a precocious development, and siiuje they superficially 
imitate the development of true germs tlie writers will call them 
‘'pseudogerms'^ as Marchal (Sj p. 600) lias called similar bodies in 
other species of PlatycfaHter. 

Two sections through a jiarasite larva fully formed and about 
ready to hatch arc shown in figure 0, I) and E. It may be observed 
that the paranuclear bodies have increased considerably in size. 
Measurements showed them to range from 0.08 to O.Ofi mm in length. 
Moreover, nucleated masses of (‘hromatin have become distinctly vis¬ 
ible in each body. These bodies continue to groAV after the ('gg has 
hatched, and the granules of chromatin become large and either 
grouped in the center of the body or arranged in blastulalike forma¬ 
tion. Figure 0, f \ shows a section through a grou]) of pseudogerms 
that are still clinging together within a partly ruptured chorion 
through which the larva has broken in the process of hatching. The 
pseudogerms in this group were larger than those shown in the earlier 
embryonic dcveloinnent, measuring from 0.057 to 0.080 mm in diam¬ 
eter. In this case the newly hatched larva was lodged nearby in tlu' 
body cavity of the host. The pseudogerms finally break loose entirely 
and become distributed throughout the body cavity, as shown in fig¬ 
ure 6, H. At this stage the^^ are sjdierical and protected by a chorion¬ 
like wall. They continue to increase in size while loose in the body 
cavity of the host. Measurements of 17() pseudogerms taken at ran¬ 
dom from numerous hosts under natural field (‘onditions and exam¬ 
ined in physiological media showed diameters ranging from 0.04 to 
0.33 mm, wdth an average of 0.J4 mm. F'igure fi, f/, is a section 
through the center of a typical pseudogerm that measured 0.13 mm 
in diameter after fixation. This section shows the disi)osition of chro¬ 
matin particles and the chorionlike protecting wall. 

No true embryonic development of a pseudogerm was ever ob¬ 
served, and examinations, later in the season, of parasitized hessian 
fly puparia from the field showed the pseudogerms in the process of 
disintegration, and eventually consumed by the parasite larva. 

Out of eight flies parasitized in the field in W'hich there w'as but one 
first-instar larva, the number of pseudogonns was found to range 
from 12 to 38, with an average of 25. In 54 cases in which more than 
one larva was found in a single host, the average was 22 pseudogenus 
per embryo. The maximum number found in any host was 145, and 
judging from the larvae present in this host, these were the product of 
six eggs. 

Figure 6, //, shows a sagittal section of part of a hessian fly larva 
containing in its body cavity a parasite egg (ne) witk the embryo 
about ready to hatch, and pseudogerms {ps) still retained within the 
body walls of the parasite. Nearby is a primary larva (pi) that has 
recently hatched and released a number of pseudogerms (ps) which 
have grown and bt^^come distributed throughout the body cavity. 

The development of pseudogenns of this character was first dis¬ 
covered by Marchal (5), who found them occurring in Platygaster 
lineatus Kief., P, marchali Kief., and Trichacis remulus. In all these 
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species the pseudogerms, like those of P. herrickii, represent pre¬ 
cociously developed paninuclear bodies of the trophamnion and are 
released into the body cavity of the host when the primary larva 
liberates itself from the embryonic mass. In these species they differ, 
however, from those of P. herrickii in that after liberation they not 
only grow but multiply. 

The pseudogerms described by Parker (»9) for the braconid parasite 
Macrocentrus gifuensis Aslimead differ somewhat from those found in 
conjunction with the species of Platygaster. With M. gifuemis, which 
is poly embryonic, the pseudogenns are released into the body cavity 
of the host during the development 
and dissociation of the morulae, 
instead of at the end of embryo- 
logical development, and they are 
usually associated with parts of 
the tropliamnion instead of being 
confined to the paranuclear masses. 

The occurrence of these pseudo¬ 
genns affords a valuable aid in 
identifying P. herrickii in its early 
stages, for, with the exception of 
/ richdcis retnuluSy* this is the only figure l -Laloral asiK*et of primary larva of 

hessian fly parasite in the United 

States known to produce such " ^ 

bodies. 7’. remulus, however, may be identified by the primary 
larvae, which offer marked distinguishing charaeteristics. 

THE PRIMARY LARVA 

The young larva (fig. 5, I and «7, and fig. G, I) is colorless and 
translucent. A typical specimen measured 0.288 mm in length when 
extended and 0.130 mm across its greatest width. It is cyclopean in 
form, with the cephalic region slightly longer and considerably wider 
than the caudal region. The caudal extremity is bifurcated with tw^o 
pointed, backward-curving liooks. Tw^o-tbirds of the W'ay forward 
on the abdomen there is a w^ell-defined joint at wiiich the caudal region 
may be bent forward under the head. The mandible is 0.036 mm long 
and curved near the extremity. The buccal opening is circular, and 
the inferior lip bears tw^o small, closely packed groups of tiny sclerotic 
projections, one group at the edge of the buccal opening and the 
other on a short, elevated sclerotic ridge just caudad of the first group. 
These projections vary in number and size. In one specimen examined 
there were four such in the first group and nine in the second group; 
in anotlier, three and seven, respectively. The extremities of the 
mandibles, when brought together, rest betw’^een the two groups. Tw'o 
slender, slightly knobbed antennae, 0.013 mm long, are present a 
short distance in front of the mandibles. 

In its advanced development (fig. 7) the primary larva is almost 
spherical and several times its original size. The caudal appendage 
becomes functionless and eventually collapses. 

Frequently two or more first-instar larvae are found in a host, but 
only rarely does more than one reach maturity. In a few instances 
tw o adults have been reared from the same host and in one case four 
pupae were found in one host. 

^ Trichacis remutus was introduced into the United States from France in 1935. 

9480—37-4 





208 


Journal of Agricultural Research 


Vol 66,110.3 


The primary larva of Platygaster herrickii can readily be distin¬ 
guished from those of P. zosine and P. hiemalis because neither of these 
species is cyclopean in form. Trichacis remulus, as d^cribed by 
Marchal (7, ^), is conspicuously different from P. herrickii in having 
footlike processes at the base of the head, and in the shape of the 
antennae. The senior writer, however, noted a striking resemblance 
to P. pleurorij although there seemed to be a slightly different arrange¬ 
ment in the sclerotic projections on the inferior lip. 

References to the larval form of Platygaster herrickii were made by 
Kulagin {4) in 1898 and by Hill {S) in 1920. Kula^, however, was 
incorrectly identifying an entirely different species, as has been 
pointed out by both Marchal (^, p. 490) and Hill (5). 

THE MATURE LARVA 

The mature larva (fig. 8) is white, shining, and somewhat reniform. 
A typical specimen was 2.1 mm long and 0.9 mm wide. There are 11 



Figure 8, —Mature larva of Platyganter herrickii: Lateral aspect showing segmentation of body, spiracles 

(«pn), lateral branch of tracheal system (/)• discoldal body (<f), lateral branch of silk gland (»), and silk^gland 
opening {os), X 33, B, head and part of thorax showing mouth {mo), mandibles (wrf), sclerotic ridge on 
maxillary area {mx), and silk-glaiid oiiening {os), X 77; C, mandible, X 450. 


well-defined body segments, excluding the head. Spiracles are 
present on the second and tliird thoracic segments and the second 
abdominal segment. On each side of the first abdominal segment 
there is a large discoidal body* (fig. 8, yl, d) imder the cuticle at the 
terminus of the lateral tracheal branch. The buccal opening (fig. 8, 
B, mo) is a simple crescent-shaped orifice capable of being opened or 
closed by the soft superior lip controlled by radiating muscles. The 
mandibles (fig. 8, B and <7) are 0.0466 mm long, slightly curved, and 
darkly sclerotic. They occur somewhat posterior to the mouth and 
arc widely separated. In one specimen their bases wore 0.2 mm 
apart. Each of the maxillary areas bears a sclerotic ridge (fig. 8, B, 
mx) immediately posterior to the mandibles. The silk-gland opening 


« This body is characteristic of many species of Platygaster and has been described by Hill (£, S) as occurring 
m P. zosine {P vnnalis) and P. hiemahs, by Marchal («> in P. ornatus, and by Silvestri {11) in P. dryomyiae. 
Ita function is obscure, although Silvestri calls it a gland. 


Aug. 1, 1937 


Biology oj Plutygmter herrickii 


209 


(fig. 8, A and B, os) lies on the median line posterior to the mandibles. 
The silk glands (fig. 8, A, s) are two single tubes, one extending along 
each side of the body as far as midway of the sixth abdominal segment. 

During this stage most of the host contents are consumed, but not 
until the host has formed its dark puparium. 

The mature larva resembles those of the other serphoid parasites 
of the hessian fly, although the mandible of a specimen of Platygaster 
pleuron was found to be slightly longer than that of P. herrickii. 
According to Marchal (7), the mandibles of Trichacis remvlus are 
sharply curved and borne on two large tubercles, which is not the case 
in P. herrickii. The mature larva of P, herrickii is about twice as 
long as that of P, zosine and the mandibles are longer by 0.016 mm. 
This may seem a small difrcrenco, but in both species the dimensions 
of the mandibles have been found to be constant. The larval body of 



P, herrickii is also about twice as large as that of P, hiemalis, with 
mandibles slightly longer and distinctly more curved. 


THE COCOON 

The cocoon of Platygaster herrickii is made of straw-colored, thin, 
shiny, tough, elastic material. It is ovoid in shape and varies some¬ 
what in size. Ten specimens ranged from 2.17 by 0.87 mm to 3.22 
by 1.31 mm, with an average of 2.87 by 1.12 mm. The cocoon 
usually occurs singly within the host puparium, which it nearly fills, 
but two and even three cocoons have been found in one host. Figure 
9 shows (yl) a cocoon removed from the host puparium but still w ithin 
the host skin and (B and C) two cocoons in one host. 


THE PUPA 

The pupa (fig. 10) is wliite w^hen first formed, as in other Hymen- 
optera, but it soon darkens. Beginning with the compound eyes, 
the color spreads until finally the entire body, except the tliin integu¬ 
ment between the abdominal plates, becomes shiny black. 
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Superparasitism appears to be common with this species. Females 
in the laboratory cages oviposited into eggs that liad already been 
parasitized by other females. They also oviposited repeatedly into 
the same egg, three or four ovipositions being observed frequently. 
Out of 20 parasitized hessian flit^s taken from a field near Salisbury, 
N. C., 12 contained more than one larva per host, distributed as 
follows: 


Larvae Occurrences 

1 8 

2 3 

3 4 


Larvae Occurrences 

4 2 

f> 2 

8 1 


The occurrence of more than one larva per host apparently is not 
due to polycmbryony, for no evidence of polyembryony was found in 
the embryological studies. P'urthcrmore, in many hundreds of roar¬ 
ings only rarely did more than one adult develop in a host. 

SEASONAL HISTORY AND MORTALITY 

Platygaster herrickii has one generation a year. The adults emerge 
in the spring simultaneously with the hessian flies and oviposit into 



Figurk 10 —Pupal stage of Platygaster herrickii before it has hardonefi X 35 


their eggs. The parasite eggs hatch and reach the primary larval 
stage in the course of a few weeks, and by the end of the summer the 
larvae are full grown. The cocoon is soon formed, pupation takes 
place, and the adult stage is attained before winter. The adults 
liibemate within the cocoons inside the host puparium until warm 
spring weather induces emergence. 

Material from Abington, Va., examined on June 30 contained only 
embryos, but by July 12 primary larvae were found, and on July 15 
one mature larva. Other material collected at the same locality on 
August 17 showed Platygaster herrickii predominant in the primary 
larval stage, although again one full-grown larva was discovered. 
By August 24 primary and mature larvae and white pupae were found, 
and by September 9 white pupae and one fully developed adult were 
present within their cocoons. 

In the vicinity of Wichita, Kans., Platygaster herrickii was found 
ovipositing throughout most of April. Mature larvae appeared the 
latter part of July, and cocoons were formed in August. White pupae 
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were found by September 1, which became black by September 14 and 
transformed to imemerged adults by November 25. Dissections made 
the last of September showed parasites in all stages of development 
from embryos to black pupae. 

Reeher says that in the vicinity of Forest Grove, Oreg., adults of 
this species begin to emerge, in normal years, about the middle of 
April, although an occasional individual may appear as early as 
March 26. They may be found in the fields for about a month, 
coincident with the normal spring emergence of the hessian fly. 
Examination of P. herrickii material taken from the fields near the 
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Fioure 11—Ob.sorvatiuns on parasitizutioii of he.ssian (ly puparia collected at Abingdon, Va , on three 
different dates in the summer of 1932, indicating niorlahty of Platygaster herricku. 

end of October showed cocoons to be already formed and usually the 
adult stage present witliin. As in the other parts of the country, 
hibernation normally takes place in the adult stage within the cocoon. 

Platygaster herrickii parasitizes its host at the beginning of the 
season, before most of the other parasites have begun their work, 
and consequently comes into competition with all other species that 
attack the immature stages of the hessian fly. At a result of this 
multiple parasitism a high percentage of P. herrickii succumb during 
the season. This was shown by an examination of hessian fly puparia 
collected from a wheatfield near Abingdon, Va. Collections of 200 
puparia were made on June 7, 220 on August 17, and 300 on September 


I HOSTS CONTAINING LIVING PLATYGASTER HERRICKII 
n HOSTS ATTACKED BY CHALCIDOIDS 
Wi UNPARASITIZED HOSTS 

HOSTS DEAD FROM UNDETERMINED CAUSE 
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21, These puparia were dissected and their contents observed. Fig¬ 
ure 11 illustrates the increasing mortality of P, herrickii during the 
season. It will bo observed that this was due chiefly to the inroads of 
chalcidoids and to some extent to undetermined factors. Hosts 
attacked by chalcidoids increased from 17 percent on June 7 to 60.5 
percent on August 17. By September 21 otlier conditions interfered 
sufficient!V to leave only 54 percent recognizable as attacked by 
chalcidoids. Those dead from undetermined causes increased from 
34 percent in June to 40 percent in September. The decrease of 2 

E ercent in August can be ignored as due to unavoidable deviations 
etween samples. Consequently, not only were unparasitized hosts 
reduced from 29 percent in June to 4 percent in September, but those 
containing living P. herrickii were likewise reduced from 20 percent 
in June to 2.5 percent in August and to 1 percent in September, 
showing a total mortality of 95 percent of P. herrickii during the 
season. 

The species of Chalcidoidea involved were Kupelmus allyniij Merisus 
destructor (Say), Tetrastichus carinatus Forbes, and Merisusfebriculosus 
Girault. The number of the last two was insignificant, but E. allynii 
formed 10 percent of the total on June 7 and 39 percent on August 17. 
The proportion of M. destructor^ which was 6 percent on the first dis¬ 
section, had increased to 10 percent by August 17. Much of the 
mortality of P. herrickii in the vicinity of Abingdon may therefore be 
attributed to these two parasites. 

Since most of the chalcidoid activity took place prior to August 17, 
collections in this locality should be made early in the season to obtain 
the maximum number of Platygaster herrickii. 

In Kansas conditions were more favorable for avoidance of multiple 
parasitism, as most of the hosts parasitized by tliis species occurred 
on the small, nonproductive culms beneath the surface of the soil where 
they were not easily accessible to puparial parasites. 

SUMMARY 

Platygaster herrickii occurs as a parasite of the hessian fly through¬ 
out most of the winter-wheat-growing sections of the United States. 
It is an important parasite in the more southern parts of the eastern 
wheat-growing sections, in the central wheat belt west of the Missis¬ 
sippi, and in western Oregon. 

The adult is frotn 1.5 to 2.2 mm long and is black and shining. 

The egg is deposited in the egg of the host, where it develops simul¬ 
taneously with that of the host. It is hyaline, subellipsoidal, and 
about 0.06 mm long at the time of deposition. Its development takes 
place monembryonically, and at the time of hatching numerous 
spherical pseudogerms are released into the body cavity of the host, 
where they become generally distributed. 

The primary larva, at time of hatching, is about 0.29 mm long, of 
Cyclopean type, and has a bifurcate caudal extremity. Later in its 
development it becomes swollen and nearly spherical. The mature 
larva is white, shining, about 2 mm long, segmented, and reniform. 
Wbile in tliis stage it consumes the host contents, but not before the 
dark puparium of the hessian fly has been formed. 

The cocoon is formed within the puparium of the host. It is ovoid 
and made of tliin, elastic, straw-colored material. It is about 2.5 mm 
long and 1.1 mm wide. 
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There is one generation a year. The adult hibernates within the 
cocoon and emerges in the spring at the time the hessian flies are 
ovipositing. Embryological and larval development proceeds with 
the development of the host until the end of summer, wlien the cocoon 
is formed and pupation is begun. The adult stage is reached before 
winter. 

In Abingdon, Va., heavy mortality has been found to take place in 
the course of the season, owing chiefly to multiple parasitism. 
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OBSERVATIONS ON THE BIOLOGY OF THE WHEAT-STEM 
MAGGOT IN KANSAS^ 

By Merle W. Allen, research assistant, and Reginald H. Painter, associate 
entomologist, Kansas Agricultural Experiment Station 2 

INTRODUCTION 

The wheat-stem maggot, Meromyza arnericana Fitcli (Diptera Chlo- 
ropidae) is widely distributed through the wheat-growing area of 
North America. In infested fields it is not uncommon to find from 
10 to 15 percent, and in some instances almost 100 percent, of the 
plants injured by this insect. 

REVIi:W OF LITERATURE 

The literature on the wheat-stem maggot consists largely of short 
notes in annual re])orts and various periodicals. 

Lugger (^0, Bull. J^S, pp. 210-21S) ^ reported that the wheat-stem 
maggot had been found as early as 1821 in Pennsylvania, but the 
earliest record in the entomological literature is that of Fitch (5, />. 
299), wdio in 1856 described the fly from material collected in New 
York and gave it the name Meromyza arnericana, Walsh and Riley 
(24) and Riley and Fuller (22) reported it as occurring in Missouri. 
Lintner (iSy 19) noted its occurrence in New York and included notes 
on the nature of the injury, the larval and pupal forms, and the time 
of appearaiuT of the fly. Webster {25, pp, 389-390), in Ohio, reported 
finding a full-growui larva in a stem of wheat on June 14; on June 16 a 
larva was found in the upper joint of a growing straw’; on June 24 
puparia were collected ; and on July 18 he observed the copulation of 
emerged adults. He also reported the frequent occurrence of the 
mite Jleteropus ventricosus Newport as a parasite of the maggot. 
Forbes {9) reported the maggot in Illinois and described the immature 
stages of the insect. He also collected and described the parasite 
(heUnlus rneromyzae. Forbes (10) contributed notes on the life 
history of the maggot and suggested the probability of a midsummer 
brood in self-sown grain, making a total of three broods each year. 
Fletcher {(i) reported injury in both spring and fall in Canada, and 
the collection of a specimen of hymenopterous parasite thought to 
be a new species or a variety of Coelinius rneromyzae (Forbes). 

Webster {2fl) found the wheat variety Velvet Chaff to be more 
highly infested with the wheat-stem maggot than Michigan Wonder. 
(Jarman {14) reported the occurrence of the insect in Kentucky, 

’ Keceive<i for publication Nov 30, 1036; issued August (’ontribution 110 .447 from the Departraeal 
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Insects. 
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where it was especially common in blue-grass pastures, even when 
closely grazed. Fletcher (7) stated that Agropyron dicergens Nees 
(awned bluestcm) was badly injured by the maggot. Osborn and 
Gossard (21) recorded the occurrence of the maggot in Iowa and 
reported it as being preyed upon by the parasite Coelinius meromyzae 
Forbes and by two other undetermined species of parasites. Webster 
(^7, pp, 7Ji-79) spoke of it as being possibly the most widely distributed 
of all wheat-stern worms. 

Lugger (20^ Bull. pp. 210-213) reported the insect in Minnesota, 
and recorded evidence which indicated the presence of three genera¬ 
tions. Later (20^ Bull. 43y p. 38) he reported it as damaging late- 
sown rye, to the extent of 10 percent. Williams (30, pp. 17-20) 
noted its presence in South Dakota. Fletcher (S) stated that there 
were three broods of flies at Ottawa, Canada. 

Bruner and Swenk (/, pp. 24-26) reported the maggot as being 
distributed throughout Nebraska. Three broods were recorded, the 
fall brood usually attacking the grain most severely. Wheat planted 
in October seemed to be less liable to attack than that sown earlier. 

Criddlc (3, pp. 236-237) collected flies on Agropyron repens (L.) 
Beauv. and A. occidenialis Scribii. Cooley (2) reported the maggot 
as injuring wheat in Montana. 

Kelly (17) reported the laying of eggs by the parasite Coelinidae 
meromyzae within the eggs of Meromyza americana. His report states 
that the parasite eggs hatch within the eggs of Meromyza and the 
young larvae feed within the fatty tissue of the wheat-stem maggots 
without disturbing their vital processes, emerging ns a-dults from the 
puparia of Meromyza. 

Webster (28) found the insect in North Dakota but stated that 
“blighted^' heads in wheat may also be due to the foot rot disease. 
He found the maggot attacking slender wheatgrass (Agropyron 
tenerum Vasey), wild barley (Hordeum jubatum L.), and pigeon grass 
(Chaetochloa glauca Scribn.). 

One of the best publications on the wheat-stem maggot is that of 
Gilbertson (15). He described the injury produced, recorded the life 
history of the insect, and described its immature stages. He also 
gave a list of host plants and furnished information on the control of 
the pest by a hymenopterous parasite, Microbracon meromyzae 
(Gahan). Gilbertson found an undetermined species of mite attack¬ 
ing the adult flies and an unidentified fungus on dead maggots. 

The distribution of meromyza americana in Kansas has been given 
by Sabrosky (23, p. 216). 

MATERIALS AND METHODS 

Detailed studies of the life history of the wheat-stem maggot under 
Kansas conditions were begun in the fall of 1932. Adult flies were 
collected and caged on young plants of Turkey wheat (Triticum 
aestivum L., syn. T. vulgare Vill.) in the field. These cages were 
observed daily for evidence of mating and deposition of eggs. After 
eggs had been deposited the plants were dissected, and the sections 
bearing eggs were placed in small shell vials and observed daily for 
evidence of the first hatching. These sections of plants were later 
examined for young maggots, some of which were preserved for study 
and others for use in rearing experiments. 
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The major portion of the life-history studies was carried on in 1933. 
During the last week of March, maggots secured from clumps of 
volunteer wheat were placed inside of sections of fresh wheat stems 
from which the centers had been removed. Each of these sections 
with the included maggot was placed in a small shell \dal in the bottom 
of which had been packed a tliin layer of moist, sifted soil. Each 
vial was tightly corked, numbered, and recorded. Moisture was 
added to the soil at frequent intervals to keep the humidity within 
the vials high, a condition which appeared to be most favorable for 
the maggots. 

In addition to the maggots collected from volunteer wheat, others 
were collected from winter wheat, spring wheat, barley, rye, and 
grasses and given similar treatment. Maggots were also reared from 
eggs secured from the oviposition tests. In all, some 500 maggots 
were carried through partial or complete life cycles. Of tliis number, 
156 were reared from eggs, and the remainder were collected from 
various sources and in various larval instars, or as puparia. 

Maggots of various stages, eggs, and puparia were preserved for 
study and measurement. The exuviae from maggots and the cephalo- 
pharyngeal skeletons of dead maggots were mounted in Canada 
balsam on microscopic slides and studied to determine the differences 
in various instars and to provide the specimens for the drawings of 
the cephalopharvngeal skeletons. 

Early in April sweepings were begun to detenuine the date of first 
appearance of the flies. The flics collected in these sweepings were 
used in the oviposition tests. 

In infested fields ‘ddasted^’^ heads appear shortly before harvest 
(fig. D). During the first 2 weeks of June, ail of the blasted heads 
were collected from the wheat variety plots and the date-of-planting- 
variety plots at the agronomy farm. In making the collections the 
culms were cut near the crown of the plant so that the entire culm 
w^as preserved. The culms from each plot w^ere tied in separate 
bundles, labeled, and placed in large cardboard boxes, from wduch the 
flies were collected as they emerged from the culms. These boxes 
were closed to the light except for two round holes near the toj) of one 
end of each, into wdiich connnon lamp chimneys were inserted. The 
outer ends of the chimneys were closed to prevent the escape of the 
flies as they emerged. A little w^ater was sprayed over the wheat at 
frequent intervals to insure sufficient moisture for the emerging flies. 
The boxes were examined daily, and the flies and other insects removed. 
The sex of each Meromyza fly was detennined, and any Hymenoptera 
that might be parasites of M. americana were preserved for identifi¬ 
cation. 

After most of the flies had emerged, each of the culms w^as split 
lengthwise to determine how many of those having blasted heads had 
been infested by stem maggots. Of 6,527 culms examined in 1933, 
99.9 percent of the blasted heads were due to Meromyza injury. 

The adult flies from the sw^eepings and those reared from the culms 
having blasted heads were used in oviposition tests. Some of the 
flies wore caged in pairs, and others were caged several together on 
small wheat plants in pots. Common lamp chimneys with cloth tops 
were used for cages in these experiments in the field insectary. Other 

* “Blasted" heads are heads which appear white and ripen prematurely with stiff, spreading awns, pre¬ 
senting a striking contrast to the green of the leaves and of the normal heads. 
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l*iGURB stages of and damage produced by the wheat-stem maggot' A, Adult female. X 15 B, 

m normal position X 10 C, Maggot in feeding position wheie central shoot is severed, resulting 
in blasted heads as shown in />. X 3 I), Spring type of injury showing blasted heads (a) and normal 

heads (6). x H, K, Fall type of injury showing injured tillers, (a) and a normal tiller (6). X I v. 
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flies were caged on young wheat growing out of doors. A cage 3 feet 
square and 1 foot high was used in these outdoor experiments. The 
primary purpose of the outdoor experiments was to secure large 
numbers of eggs. In all these experiments records were kept of the 
number of eggs deposited and the position of the eggs on the plants. 
These records were compared with those taken on egg-deposition 
habits in the field. 

From time to time records have been made of the infestation of 
different wheat varieties by the wheat-stem maggot. These counts 
were made on winter wheats, in the following seasons: Spring of 1921, 
fall of 1924, 1927, 1931, 1932, and 1933. In each of these variety 
tests the same number of plants w^as examined for each variety in 
the test. This number, however, varied in the different tests, and 
this variation should be considered in the interpretation of the data. 

LIFE HISTORY 

ADULT 

Meromyza americana may be distinguished from others of its family 
(Chloropidae) by the fact that the costa extends only to the third 
vein, and by the greatly enlarged hind femora and the correspondingly 
curved tibiae (fig. 1, ^1). The flies are slender and pale green to 
yellow. They are almost devoid of bristles or hairs, with three broad, 
grayish-black stripes on the mesonotum, three brown to black stripes 
(which often coalesce) on the dorsum of the abdomen, the antennae 
slightly infuscated above, and the front almost entirely destitute of 
hairs except for a few on the orbits and on the lateral margins of the 
triangle. The second and third veins of the wing are conspicuously 
curved forward, the latter ending some distance before the apex of 
the wing. A full teclinical description is given by Forbes (.9). 

Flies that have recently emerged are pale green in color, but as they^ 
grow older tlie color turns to pale yellow or straw. The eyes vary 
from a bright green to a deep bronze which variation is probably due 
to the age of the fly. 

The diflVrence in the a])i)earance of the flies of the two sexes is 
largely in tlie size, the male being much smaller. The abdomen of 
the female fly is rounded and swollen, while that of the male is more 
or less cylindrical, tapering gradually to a dull point. 

Soon after the flies emerge from the puparia they begin to mate. 
Mating may take place at any time during the first few days after 
emergence, and a single female has been observed mating more than 
once cither with the same or with a different male. 

The ratio between the sexes of Meromyza americana was determined 
by examination of 2,149 flies reared from June 10 to June 18. Of 
these 1,180, or slightly more than half, were females, the ratio being 
55 percent females to 45 percent male. 

From records kept on 10 females the preoviposition period was 
found to vary from 2 to 6 days, and the average was 3.6. 

EGG 

The eggs are snow white, and are fusiform-cylindrical in shape with 
gently rounded ends. On the anterior extremity is a minute, flat- 
tenea, rounded area. The surface is covered with longitudinal ridges, 
the spaces betw'een the ridges being concave and marked off into 
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rectangular areas by smaller transverse ridges (fig. 1, and fig. 2, A), 
From measurements made of 50 eggs the length was found to range 
from 0.96 to 1.09 mm, and the greatest breadth from 0.165 to 0.231 
mm. The average length was 1.02 mm and the average breadth 
0.194 mm (table 1). 


Table 1. —Measxnemenls of the vartous immature stages of the wheat-stem maggot 


Item 

1 Egg (50 indi- 
I viduak) 

1 

(25 individuals) 
first instar 

(25 individuals) 
second instar 

(50 individuals) 
third instar 

(44 individuals) 
pupanum 

LengUi 

Breadth 

Length 

1 .. 

Breadth 

Length i 

Breadth 

Length 

Breadth 

Length 

Breadth 

Maximum, 

MinimunK 

mm 

1 (W 
Wi 

mm 

0 231 
.165 

mm 

1 86 
1.61 

mm 

0 57 
31 

mm 

3 31 

3 05 

mm 

0 m 

34 

mm 

6.47 

6 21 

mm 

1 21 
96 

mm 

5 86 1 
5 54 

mm 

1 10 
.82 

Average.. 

1 02 

. 194 

1 75 

.45 

3 20 

.50 

6 4t) i 

1 10 

5. 70 

91 


On the young plant the eggs of the wheat-stem maggot are usxially 
deposited singly either on the leaves or on the leaf sheaths, but in a 
few instances eggs were found between the leaf sheath and the stem. 
In the fall a great many eggs arc found glued to the stem just above 
the ground. In the oviposition experiments carried on in the insectary 
the majority of the eggs were glued to the upper surface of the leaves 
a short distance from the stem. In most cases the eggs were parallel 
to the long axis of the leaves and stem (Fig. 1, Bf 

wSince the eggs are laid singly and the ovi])osition period extends 
over several days it is difficult to estimate the number of eggs laid 
by a single individual. In cage experiments an average of 10 to 15 
eggs were deposited by each female. The largest number deposited 
by a single female was 30. The eggs were deposited at an average 
rate of one to four daily. One female, under cage conditions, de¬ 
posited 13 eggs in a single day. The length of the oviposition period 
ranged from 4 to 10 days and the average was 6.91 days. 


Table 2. —Length of stages of the wheat-stem maggot 


Item 

Oviposi¬ 
tion 
period 
of adult 
(.32 indi¬ 
viduals) 

Incuba¬ 
tion 
period 
(31 indi¬ 
viduals) 

First 
instar 
(42 indi¬ 
viduals) 

Second 
instar 
(26 indi¬ 
viduals) 

Third 
instar 
(If) indi¬ 
viduals) 

Entire 

larvae 

stage 

Period 
in T)upa- 
rium 
(46 indi¬ 
viduals) 

Egg to 
adult 

Adult 
(13 in¬ 
divid¬ 
uals) 

Maximum.... 
Minimum . . 

Average.... 

Days 

10 

4 

Days 

11 

4 

Days 

11 

2 

Days 

28 

2 

Days 

1 23 

9 

14.56 

Days 

1 62 

13 

32.10 

1 _ 

Days 

20 

5 

Days 

J 82 

18 

Days 

19 

2 

6 91 

6 8(1 

6.19 

11 :T) 

11 72 

4.1. 82 

9 38 


1 Does not include overwintering larvae. 


The incubation period varied from 4 to 11 days, with an average 
length of 6.8 days (table 2). 

LARVA 

The full-grown larva is an active, slender, glassy, pale-green maggot, 
tapering anteriorly and to some extent posteriorly (fig. 1, C). The 
books, which are typical of miiscoid larvae, are found beneath the 
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head and serve to differentiate it from most other larvae that infest 
wheat except those of the same group. A more complete description 
has been given by Forbes (.9). 

It was found in these experiments that the larvae pass through 
three instars. When first hatched they are very small, slender, and 
white, with neither a head capsule nor feet. Twenty-five newly 
hatched larvae were measured, and the average length was found to 
be 1.75 mm and the average width 0.45 mm (table 1). 

The larvae of the se^cond instar are somewhat larger than those of 
the first instar, and are of a very light whitish-green color. Of 25 
such larvae measured the average length was 3.20 mm and the aver¬ 
age width was 0.50 mm (table 1). 

Fifty larvae of the third or last instar were measured and the aver¬ 
age length was found to be 0.40 mm and the average width 1.10 mm 
(table 1). Forbes' (9) description was evidently made from specimens 
of this instar. 

From the suckerlike mouth, located on the under surface of the 
first segments, usually protrudes a pair of black-toothed hooks, the 
mandibles (fig. 2, ( 7 ). These are supported by and connected to the 
ccphalopharyngeal skeleton, which is a V-shaped structure extending 
back into the body as far as the third segment. The cephaloi)haryn- 
geal skeleton is a brownish or blackish scleritizcd structure and is 
usually visible through the integument of the larva. It differs in 
sha])e in the diflerent instars. In the third instar it is completely 
developed and the parts are easily distinguished. The skeleton of 
this instar is represented in Figure 2, which shows the mandibular, 
hypostomal, and pharyngeal sclerites and the small arched dentate 
sclerite completely developed, with the small accessory sclerites at¬ 
tached to the hypostomal sclerite. The dentes on the mandibular 
sclerite are fully developed and completely scleritized. 

The cephaloi)haryngeal skeleton of the second-instar larva is repre¬ 
sented in figure 2, E. This skeleton is similar to that of the third 
instar, except that it is smaller and the dentes are not fully developed 
or scleritized. 

The ccphalopharyngeal skeleton of the first-instar larva is re})re- 
sented in figure 2, D, This skeleton differs greatly from that of either 
of the other instars. Not only is it materially smaller, but it is also 
less completely developed. Tlie dentate sclerite and the two small 
accessory sclerites are completely absent and the dentes of the mandib¬ 
ular sclerite are poorly developed. The mandibular sclerite is not 
heavily scleritized as it is in the skeletons of the other two instars. 

The first of the three larval instars was found to require a j^eriod 
of from 2 to 11 days, the average being 6.2 days; the second instar 
required from 2 to 28 days, the average being 11.4 days; the third 
required from 9 to 23 days, the average being 14.6 days. The entire 
larval stage therefore required from 13 to 62 days, or an average of 
32.1 days (table 2). These results do not include overwintering larvae. 

These calculated results from partial life histories, when compared 
with the results obtained from eight cases in wliich the larvae were 
actually reared from egg to adult, were found to be both liigher and 
lower, but the average time was similar. The length of the three 
instars in the eight actual tests varied from 16 to 40 days, the average 
time being 27.4 days. 
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Figure 2. Characteristics of the immature forms of JMtTotnyza mnericona: A, Egg; J5, pupariuin; O, full - 
grown larva; D, cephal opharyngeal skeleton of first-instar larva; E, cephalopharyngeal skeleton of second- 
mstar larva, i>, cephalopharyngeal skeleton of third-instar larva, phary Sc, pharyngeal sclerite; hypo 
Sc, bypostomal sclerite; mand 8c, mandibular sclerite, dent Sc, dentate sclerite; acc Sc, accessory sclerite. 
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PUPA 

The pupa forms inside of the last larval skin or puparium, where it 
may be seen through the semitransparent larval skin. The constric¬ 
tions between the segments are more marked than in the larva and 
the puparium is more yellowish in color (fig. 2, B). Forbes (.9) has 
given a full description of tliis stage. 

Forty-four puparia were measured, and the average length was found 
to be 5.7 mm and the average width 0.9 mm (table 1). Figure 2, B; 
shows a typical puparium. 

The period from the formation of puperia to the emergence of 
adults varied from 5 to 20 days; the average being 11.7 days (table 2). 
The time from hatcliing of the egg to emergence of the adult, calcu¬ 
lated from the foregoing results, varied from 18 to S2 days, the aver¬ 
age being 48.8 days (table 2). These results were checked against the 
records of four maggots reared from egg to adult. The four records 
showed a variation in time from 42 to 57 days with an average of 46.3 
days. These figures, both calculated and recorded, are for the spring 
and summer geiu^rations and do not take into consideration the over¬ 
wintering brood 

SEASONAL CYCLE 

From the rearing experiments and from field observations, in the 
vicinity of Xfanhattan, the cycle for the year 1933 w’as determined 
(fig. 3). The data for 1933 probably represent about the normal for 
this locality. 

The insects overwintered as full-grow n larvae which pui)ated during 
the latter ])art of March and the first half of April. The adults began 
to eTnerg(^ on A])ril 15 and continued to emerge throughout April 
and the lirst half of May. These adults mated witliin a few^ days 
after emergence and depositt'd their eggs during the latter part of April 
and through the greater part of May. The eggs began to hatch about 
the last of A])ril, and the larvae were found in the stems of w heat, rye, 
and barley throughout May. They pupated about the last of May 
and in early flune. The adult flies emerged from these puparia from 
June 5 to June 28. The Hies of tliis generation deposited their eggs 
during the latter part of June, and the larvae emerged from the eggs 
from June 25 to the last of July. These larvae fed witliin the stems 
of wild and cultivated grasses. They pupated from the middle of 
July until August 8, and the adults emerged until about the middle 
of August, 

Eggs were deposited by this third brood of flies during the latter part 
of July and the first half of August. The maggots from these eggs 
emerged during the last few days of July and throughout the greater 
part of August. They lived in the stems of grasses and volunteer 
wheat. Many became full-grown larvae, passed the winter in that 
stage, and pupated the following spring. Some of the larvae from these 
eggs, however, pupated during August and emerged as adults during 
the latter part of that month. Adults wrere present in the field until 
December 16. These adults, which had emerged during August, Sep¬ 
tember, and the first part of October, deposited eggs that hatched 
before October 15, the larvae overwintering and pupating the following 
spring. Thus there is evidence of three full generations and a partial 
fourth in Kansas. 


94S0—37-5 
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Fiourk 4.—Collection records showing abundance of adults of Meromyza during the of 1033, 1934, 
and 1936; these collections were made on grass plots near tlie wheat plots used in the differential infestation 
tests. 
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NATURAL CHECKS 

During these experiments 18 species of Hymenoptera were reared, 4 
of which were from puparia of Meromyza americana; 3 others were 
from culms of blasted heads, and 11 others w^ere from volunteer wheat 
known to be heavily infested by the wheat-stem maggot. Table 3 
shows nine species which are recorded in literature as parasitic upon 
Meromyza. Only one of these, Euphoriana uniforrnis Gahan, was not 
reared during these studies. The names of the parasites are listed 
under their family designations in table 3, with the sources from wlxich 
reared, the number reared, and literature citations to previous records 
of their parasitism on Meromyza. 

Coelinidea jerruginea was described by Gahan {11) from three speci¬ 
mens, two females and one male reared by C. N. Ainslie at Elkpoint, 
S. Dak., the type locality. The host was Meromyza americana. All 
the parasites of this species which were reared during the present 
experiments were from puparia of overwintering larvae or, in May 
and June, from the puparia from which the first brood of flies normally 
emerge. 

Table 3. —Hymeuopterous par miles of the v'heaUstem maggot 


Parasites reared from- 


Para.site 


Ichnoiimonfiideu: 

Alysiidae. 

Cmlxmita ferrugniea Oalian. 

Coflimdea meromyzaf (Forbes)... 
Pracouidue. 

Euphoriana uniforrnts Oahan i_ 

Microbraenn metlitor (Say). 

Alicrobracon meromyzae (Gahttu> 

Microplitis melmme Vier. 

Metforus iulgariz (Cress ).., 
Idinumonidae: 

Castnaua scabrtformis Vior___ 

Proctotrupoidea. 

PlatyKasteridae: 

Levtacta sp. 

Chalcidoidea. 

Eulophidae* 

Iforismenva teranva cGirault). 

NUaniaomorpha meromyzat (Oahau).. 
Eupelmidae: 

P'upelmua aUynii French. 

Eurytoinidae 

Eurytoma tylodermatia Ashm. 

M yinaridae. 

Polynema striaticorne (hrault. 

Pteroinalidae 

JRuhekta fallal GvihATi .. . 

CaUttula bicolor Bpmoia. 

Eupteromalua fuli ipea (Forbes).. _ 

ITalticoptera aenea (Walk.)... 

CyDjr>oidea. 

Figitidae. 

llypodiranchUsp ... 


j 

1 Puparia 
of wheat- 
stem 

1 maggot 

1 

Culms hav¬ 
ing blasted 
heads in¬ 
fested by 
maggot 

Volunteer 
wheat in¬ 
fested by 
maggot 

Recorded in 
literature as 
parasite of 
Meromyza 

1 Number 
.I 10 

Number 

Nu mber 

Vi 

Gahan (II). 
Forbes (D). 

Gahan (11). 

4 


1 


. . .... 



3 

10 

3 


Do. 



1 

1 








i 

1 



. 

. 


i 

i 

! 3 ; 

! ^ 

2 

Gahan (IS). 
Gahan (It, p. 
ttft), 

Gahan (IS), 

1. 

j 


■ ! 


2 





15 

Do 




1 

Do. 




7 




1 



1 


14 



1 Not reared during these experiments. 
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Coelinidea meromyzae was described {9) from specimens reared from 
Meromyza americana and from specimens collected in the vicinity of 
Cuba, 111. Kelly (/7) gives detailed biological observations on this 
species. In the present work four specimens w^re reared in July fmm 
puparia produced by maggots of the second generation. The fifth spec¬ 
imen was reared from volunteer wheat in the greenhouse, January 10, 
probably from a puparium of an ovemintering maggot. 

Microbracon merormyzae (Gahan) was described by Gahan (77) from 
six specimens, three females and three males, reared by C. N. Ainslie 
at Elkpoint, S. Dak. A male specimen was also reared by J. A. 
Hyslop at Hagerstown, Md. The host in both cases was Meromyza 
americana. The three specimens of this species which vrere reared 
during the writers^ experiments were from puparia fonned in late May, 
early June, and in July. Ten othei*s were reared from the culms of 
blasted heads. 

Hypodiranchis sp. has not previously been reported as attacking the 
wdieat-stem maggot, and, according to L. H. Weld, appears to be an 
imdescribed species. In fact, no species of Hypodiranchis seems to 
have been described from North Anu^rica; the genotype //. hawaii- 
erisisy and most of the known species of the genus were described by 
William Ashmead from the Hawiian Islaiuls. A related European 
species Coihonaspis rapae (Westd.) has been reported liy James {16) 
as parasitic on the cabbage-root maggot (Hylemyia hrassicae liouche.). 
One specimen of Hypodiranchis was reared from a single puparium 
collected June 9, and 14 others were reared from volunteer wdieat 
during October, November, December, and January. Those reared 
from volunteer wheat iirobably came from puparia formed by over¬ 
wintering maggots which matured early under greenhouse conditions. 

Other Hymenoptera reared from volunteer wheat or from blasted 
heads infested by Meromyza are listed in table 3. These records show 
the presence of these species in Kansas and suggest the possibility that 
some are parasitic on the wheat-stem maggot then', especially where 
they have previously been reported as parasitic on this insect. 

In addition to the hymenopterous parasites of Meromyza americana 
reared during the present experiments, one other has been recorded in 
the literature. This species, Euphoriana nniformis, was described by 
Gahan {It) from the male type reared from M. americaiw by J. A. 
Hyslop at Hagerstown, Md., and from the female type collected by 
W. H. Menke at Garden City, Kans. 

Frequently reference is made in the literature to a small mite 
Pediculoides ventricosvs Newport, which is reported as killing the 
larvae by sucking their bloo(l. This mite is not known to occur in 
Kansas. 

Many times, both in the rearing experiments and in the fitJd, brow n 
or partially brown larvae were found. They seemed to die slowly, 
and when the integument was ruptured tile internal organs were 
found to be decayed pid liquid. This condition was probably 
brought about by bacteria. 

A fungus determined by C". L. Ijefebvre as Cladosporium sp. was 
often found associated with the dead maggots. Most of the species 
of this genus are saprophytic, although a fewr are parasitic. This one 
is probably a saprophyte, but until the species is determined, no 
definite statement can bo made concerning it. 
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FEEDING HABITS OF THE INSECT AND NATURE OF INJURY 

TO WHEAT 

Upon emerging from an egg the larva makes its way to the point where 
the central leaf or head-bearing shoot emerges from its investing 
sheath. Upon reaching this point it works its way down between the 
sheath and the central shoot, girdling the latter as it progresses dow^n- 
ward to its final feeding j)osition, which is at the base of the culm in 
fall and early spring, and just above the upper node in late spring 
and summer. The larva enters the central shoot and there does most 
of its feeding. It feeds by tearing the plant tissues with its mandibles 
and sucking the juices from the lacerated tissue. Before the larva 
enter the central shoot the feeding takes place l)etween tliis shoot and 
its investing sheath. 

When first entering the plant and during the migration down to the 
feeding position, the larva feeds with its head dowm, but when the 
feeding position in the center of the culm is reached this position is 
reversed, and the greater part of the feeding is done with the anterior 
end up (fig. 1, C). 

Two types of injury are ])roduced by tlie wheat-stem maggot, one 
in late spring and summer, the other in autumn and early spring. In 
late sj)ring and summer the larva destroys the lower part of the stem, 
thus })reventing the normal flow' of sap to the head of the plant. The 
head dries prematurely and the kernels, if ])resent at all, are small, 
shriveled, and unlit for food or planting. When this typo of injury 
occurs the head and central shoot are ligiit straw color rather than 
green like those of uninfested stems. The awns are stiff, brittle, and 
spreading, and do not extend upward from the glumes as in normal 
plants (fig, 1, I)). 

In the fall and early sj)ring the larva attacks the central shoot 
(fig. 1, /i), cuts the vascular bundles, and so prevents the flow' of the 
sap into the upper part of the leaf. This injury may be of consider¬ 
able importance. In some cases the entire tiller turns yellow' and 
dies. After injuring or killing one tiller the larva may migrate to a 
fresh one. In laboratory exj)eriments the larvae liave sometimes 
be(ui found to migrate from an injured tiller to a fresh one on another 
plant. These plants have always been in close proximity, how^ever, 
and no re(*ords are available to show' the distance that larvae may 
migrate. Larvae placed on the soil near plants have, w'ith few' 
exceptions, been able to reach the plants and feed within them. 

A serious aspect of this autumnal and early spring type of injury is 
that the larvae which cause the injury to heading wheat later in the 
spring are produced by flies tliat emerge from this earlier generation 
of larvae. 

FOOD PLANTS 

During the experiments wheat-stem maggots were observed feeding 
wdthin the stems of the following species of plants; 

Common bread wheat {Triticum aestivum L.). 

Durum wlieat {Triticuvi durum Desf.). 

Triticum tmlgareXT, durum (from various sources). 

Triticuvi viacha Va. 

Triticum lyersicum stramineum Zhuk. 

Triticum timopheevi Ahuk. 
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Barley (six-row) (Hordeum vulgare L.). 

Rye (Secale cereale L.). 

Timothy {Fhleum praiense L.). 

Yellow bristlegrass {Seiaria lutescens (Weigel) F. T. Hubb.). 

Green bristlegrass (Setaria viridis (L.) Beauv.). 

In addition to these food plants the maggot has been reported in 
the literature as feeding within the stems of: 

Emmer (Triticuni dicoccum Schrank). 

Qiiaekgrass {Agropyron repens (L.) Beauv.). 

Slender wheatgrass {Agropyron pauciflorum (Schwein.) Hitchc.). 

Bluestem {Agropyron srnithii Rydb.). 

Bluebunch wheatgrass {Agropyron spicaium (Pursh and Smith) Scribn. 

Foxtail barley {Hordeum jubaium L.). 

Canada wild-rye {Elymus canadensis L.). 

Smooth bromegrasfi {Bromus inermis Leyss.). 

Japanese chess {Bronuis japonicus Thunb.). 

Merornyza ainericana has not been found feeding on oats. 

DIFFERENTIAL INFESTATION OF VARIETIES 

RELATION OF STAGE OF PLANT MATURITY TO NUMBER OF HEADS BLASTED BY 

MEROMYZA 

Some evidence of the presence in wheat varieties of resistance to 
injury from the wheat-stem maggot has been presented by Dunham 
{4) and by Gilbertson {15), The number of blasted heads collected 
in the various 1 /40-acre plots of varieties of winter wheat at the agron¬ 
omy farm * are given in table 4. In all cases the number of infested 
culms collected from each plot is but a small proportion of the total 
number of heads present. The relative numbers, however, indicate 
considerable differences among the varieties represented. These dif¬ 
ferences may be due (1) to differences in the dates of heading and 
maturity of the several varieties in relation to the peak number of 
second-generation adults present and laying eggs, or (2) to varietal 
differences in palatability or attractiveness to the insect giving rise 
to actual resistance. 

Additional data bearing on this question have been secured from 
a date-of-planting experiment invohdng four varieties. Tliese varie¬ 
ties, Early Blackhull, Quivira, Kanred, and Oro, were planted on 
several dates at intervals of approximately 1 week. The varieties 
studied in 1933, the dates of planting, and the number of blasted 
heads collected, together with other information to be discussed later, 
arc given in table 5. The marked differences in each variety in the 
number of blasted heads formed on plants from the various dates of 
planting are shown in figure 5, A, According to figure 5, .^1, and 
table 5 Oro planted October 5, Kanred planted October 11, Quivira 
planted October 18, and Early Blackhull planted October 25, produced 
the greatest number of blasted heads. 

» These plots, used in yield tests, are under the supervision of Dr. H II. I^ude, to whom the authors are 
indebted for j>ermi.ssion to collect the material and for data on dates of beading, maturity, and other agro¬ 
nomic characters. 
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Table 4. —Relative number of blasted heads produced in wheat varieties by the 
wheat-stem maggoty spring 1933 ‘ 






Date 
of first 
head¬ 
ing. 
May 

Blasted heads per Ho-acre plot 





_ 





Hank 

Kan- 

K 

C I. 
no» 

Variety 

1 

Serie^s 

Total 

Aver¬ 

age 








m- 





1933 

1 

2 

3 

rested 

fested 






Nurn- 

Nu m- 

Num- 

Nurn- 

A’M7n- 






her 

her 

ber 

ber 

ber 

1 - . 

483 

8856 

Early Blackhull 

13 

27 

10 

9 

40 

15 3 

2 

2690 

11589 

Kanred X Marquis . 

19 

24 

9 

15 

48 

16 0 

3 

24M 

6156 

Miiiturki 

23 

23 

21 

8 

52 

17 3 

4 

2671 

I 11373 

Kanred X Hard Federation. ... 

10 

9 

21 

61 

94 

31.3 

5 

2628 

8886 

Qmvira 

17 

49 

to 

36 

95 

31 7 

fi 

2672 

10091 

Kanred X Hard Federation. . 

15 

40 

13 

50 

103 

34 3 

7 

1ft 

6199 

Harvest Queen. . 

20 

43 

39 

22 

104 

34 7 

H . 

4ftft 

8861 

t'ooperatorka. , 

21 

32 

m 

16 

111 

37 0 

ft . - 

570 

1558 

Turkey.. 

21 

39 

29 

47 

115 

38 3 

10 

2593 

8180 

Kawvale.. _ . 

19 

45 

3S 

35 

118 

3ft. 3 

11 

2644 

UXKK) 

Kanred X Marquis . .. 

19 

44 

32 

57 

133 

44 3 

12- - . 

2401 

5146 

Kanreil... 

21 

.50 

46 

51 

147 

49. 0 

13 . 

322 

6250 

Nebraska no 60 

2:1 

50 

69 

34 

1.53 

51 0 

14_ 

505 

8858 

riarkan... . . 

20 

67 

57 

30 

154 

51 3 

15 . 

317 

6471 

I'nlcaster 

20 

53 

51 

55 

1.59 

53 0 

l(i -- 

2673 

10092 

Kanreil X Hard Federation 

16 

73 

21 

65 

159 

53 0 

17. - . 

2670 

1(M)89 

Tenmar{i Select ion 

19 

51 

44 

69 

164 

54 7 

IS - - 

495 

8220 

Oro_ 

22 

43 

68 


111 

55 5 

1ft 

514 

6336 

Teumarq. 

20 

67 

73 

34 

174 

58 0 

20- 

343 

6251 

Blackhull- . ... 

19 

39 

89 

87 

215 

71 7 

21. 

2667 

8885 

! Cheyenne .. 

21 

32 

58 

135 

225 

75 0 

22. 

2591 

1442 

Kharkof 

«>•> 

65 

139 

185 

80 

284 1 
273 1 

94 7 
136 5 

23-- - 

2659 

6686 

Kharkof (11 a vs no 2) 

22 

88 


J Heads collected from variety plots of the ajrronomv farm, varieties planted Spfit 2K, 1932 
» C 1. denotes accession number of the Division of Oreal Oops ami Disease, Bureau of Plant Industry. 
U 8. Department of Agriculture 
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All attompt was made to correlate these differences with other 
associated facts. Several factors, such as date of emergence of 
plants, date of first heading, date fully ripe, stand per acre, number 
of culms per acre, yield, length of fruiting period, plant height, test 
weight per bushel, rainfall, and temperature were considered. The 
closest correlation was found between the amount of injury and the 
date of first heading.® Those plots marked “first heading” between 
May 22 and May 2(5 had a larger number of blasted heads than those 
heading either before or after that date. Those plots marked ”first 
heading” after the date of maximum infestation were one plot of 
Quivira, two plots of Kanred, and three plots of Oro (table 5). 

From the data obtained it appears probable that the stage of 
growth of the plants at the time of oviposition by the flies is important. 
Apparently in late spring some specific stage in the maturity of the 
plants is more accc'ptable to the female flies or is more palatable to 
the larvae than are other stages of maturity. 

In studying another problem Wilbur and Sabrosky (29) found the 
maximum number of adult Meromyza on pasture grass less than 
one-cjuartcr of a mile away from the wheat plots during ihe period 
from May 0 to FI. This is 13 days earlier than the date of first 
heading which marked the maximum infestation in wheat. The 
]>eriod involved is somewhat longer than the average number of days 
required for incubation of eggs. Apparently the data give an indica¬ 
tion of the length of the interval between egg deposition and the 
time at which the young larvae cause the appearance of blasted heads. 
This peak of inse(*t emergence, shown m figure 4, appears to be part 
of the explanation of the diflcrences in infestation associated with 
different dates of planting. 

The figures givcui do not take into account the number of culms 
that might have been missed in the count in cases in which the injury 
took ])lace so early that no part of the blasted head appeared beyond 
the top leaf sheath. In some of the culms collected the heads were 
well exserted; in others part of the head was enclosed in the leaf 
sheath. In each culm collected from these date-of-planting variety 
plots the distance from the base of the head to the top of the leaf 
sheath was measured, and the average distance and the percentage 
of heads completely exserted were calculated (table 7). 

These data show <lifl’erences from plot to ])lot and between varieties. 
They also indicate a difference in infestation of nonfniiting culms 
which should be investigated. 

It a])pears from the data in table 5 that the date of maturity of a 
variety is one factor but not the only one involved in the differences 
in infestation by Meromyza. For example, there were 379 infested 
c\ilms in the seven i)lots of Oro as compared to 1,232 in the plots of 
Karly Blackhull. But the plots of Oro included three whicdi headed 
after the one with maximum infestation, as well as the three which 
headed before Alay 24, while all the plots of Early Blackhull headed 
before the date which gave the maximum infestation in the case of 


« First headltiR is the date vrhea about 10 percent of the plants ha\e headed. 
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the other varieties. If the experiment had included plots of Early 
Blackhull heading at a time comparable to those of Oro, the difference 
in infestation in favor of Oro might have been much greater. 


Table 7. —Average percentage of exserted heads from infested culms collected in 
date-of-planting variety test and lenoth of peduncle1933 


Date of planting 

Oro 

. . _ 

Karrcd 

Quivira 

Early Blac'khull 

Perwnt 

Length 

Percent 

Length 

Percent 

Length 

Percent 

I..ength 



Mm 

1 

Mm 

I 

Mm 


Mm 

Sept 14.- . 

40 

4-l« 

37 

-4 

57 

+42 

46 

+14 

Sept. 23. 

38 

+3 

35 

-9 

4^1 

+ 19 

65 

+42 

Sept. 28. . 

.50 

-fO 

.59 

+ 18 

77 

+ 57 

85 

+54 

Oct. 5 __ 

.52 

*+14 

44 

-2 

67 

+.37 

76 

+40 

Oct 11. 

8 

-41 

18 

* —24 

.54 

+ 13 

1 76 

+47 

Oct. 18_ 

18 

-26 

14 

-37 

32 

2 -12 

5tJ 

+ 13 

Oct. 25.. 

11 

-36 

16 

-.3.3 

30 

-20 


2 +33 


* Measiu‘e<I from hnse of head to top of the infesting leaf sheath; +=>= heads extending above leaf sheath, 
— “heads not surpassing leaf sheath 
2 Plot in which maximum infestation occurred. 


The data from these date-of-planting plots indicate that the 
relative jiosition of Early Blackhull as the variety with the lowest 
infestation in table 4 is not in accord with the potentialities of this 
variety. They indicate further that it is necessary to consider the 
date of first heading in the respective varieties in interpreting the 
relative resistance of the varieties. Thus a number of the late- 
maturing wheats appear to have the h^hest infestation. But Min- 
turki, which headed within the period indicated as the one in which 
the highest infestation took place, is probably the most resistant of 
the wheats listed and perhaps materially better than Oro. 

Data (‘ollected on these same plots in the abnormally dry season of 
1934 (table h) tend to confirm the results discussed above. The 
growing season of 1934 w’^as one in which the early plant development 
was greatly accelerated. All plots of a given variety headed earlier 
in 1934 than plots of the same variety in 1933. On the other hand, 
insect development was not so greatly" a(‘(*elerated. The peak of 
emergence of Meromyza, acconling to the data of Wilbur and Sabrosky 
i29)y occurred about May 5 to 7, only about 4 to 6 days earlier 
than in 1933. This difference between insect and plant development 
in the 2 years appears to have resulted in a reduction in the difference 
in total number of blasteil heads between the varieties with high 
and low infestations. There are no plots of any of the varieties 
which headed later and in which the number of blasted heads wras 
below the maximum per plot for the variety. The rank of the varieties 
in res])ect to the plots of maximum infestation in 1934 (table 6) was 
the same as in 1933 (table 5). The cuiwes (fig. 5, B) from the data 
were also similar to the parts of the curv^es for the earlier plots of the 
year 1933 (fig. 5, ^1). The similarity between the results of the 2 
years indicates that the differences between the varieties are significant. 
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Table 8. —Relative number of blasted heads 'produced in wheat varieties by the 
v)heat-slem maggoty spring 1936 ‘ 






Date of 
first 
head¬ 
ing. 
May 
1930 

Blasted heads per Uo-acre plot 










Rank 

Kan¬ 

sas 

no 

r I 
no 

Variety 

1 

Senes 

2 

3 

Total 

infested 

Aver¬ 

age 

infested 






Nuvi‘ 

Nu in- 

Num- 








ber 

ber 

ber 

Number 

Number 

1 . . .... 

2089 

11.591 

PreludeX Kanred.,- .. . 

Quuira _ - ... 

PIOOO X Prelude.. 

15 

58 

209 


267 

430 

133 5 

143 3 

144 0 

2 -_ 

2028 

8880 

15 

100 

108 

162 

3, . 

2095 

11.590 

14 

94 

194 

288 

4. 

2090 

11.589 

Kanred X Marquis 

16 


148 


148 

148 0 

5_ 

2404 

0156 

Minturki . . . . . _ 

22 

108 



168 

168 0 

0 - ... 

19 

0199 

Harvest C^ueen .. 

19 

201 



201 

201 0 

7.-„ 

2073 

10092 

Kanred X Hard Federation 

13 


' 230 

' 183*! 

413 

206 5 

8 — . 

2072 

10091 

Kanred X Hard Federation 

9 

197 

300 

159 

662 

220 6 

9 . - ' 

514 

0930 

Tenmarq-.. 

17 

254 



254 

2.54 0 

10 _ 

2,595 

8220 

Oro _ 

20 

280 



280 

280.0 

- 

2401 

5140 

Kanred- , 

19 

190 

r’i07 

207 

! 810 

270 0 

12 „- . 

.505 

8858 

Clarkan... 

20 

284 



284 

284 0 

13. 

2.593 

8180 

Ka\^vale ... 

10 

3.30 

'318 

*330 

984 

328 0 

14. 

317 

0147 

Fulcasier-. . - , 

18 

443 

252 


695 

347 5 

13... 

483 

88.50 

Early Blackhull . . 

10 

278 

.587 

**.508 

1. 373 

4.57 6 

J 

2720 

10010 

Turkey- ... 

IS 


.579 


579 

579 0 


1 Heads eollected from variety plots of the agronomy farm, \ anetios planted Oct l, lt)35, evc*ept Mintiirki. 
planted Oct 2. and Oto planted Oct 4. HWf) 


Table 9. —Effect of date of planting and variety of wheat on late spring injury by 
the wheat-stern maggot in 1936 


Variety 


Early Black- 

hull. 

QiJivira.. 
Kanred - .. 
Oro.- 



The lower infestation in 1933 in plols first heading after May 20 
may indicate a stage in the growth of culms in which they are more 
acceptable to the fly for oviposition or more palatable to tlie young 
larva. Observations made in earlier years on date-of-planting plots 
containing the single variety Kanred sliowed an infestation similar to 
that on plots of this variety in 1933. 

Additional counts of blasted heads in variety and variety-date-of- 
planting plots were made in 1935 and 1936. The early spring of 1935 
was dry, but this was followed by a period of wet weather when the 
wheats were heading. Some varieties, especially the early ones, sent 
lip a second growth of heads which were heavily infested by Meromyza, 
During the latter part of the time in wliich blasted heads were being 
collected it became impossible to distinguish such heads from the 
earlier matured normal heads. For this reason collection was dis¬ 
continued before harvest. However, the data secured give further 
indication of a relation between stage of plant maturity and infesta¬ 
tion. 

Data secured from counts of blasted heads made in 1936 are recorded 
in tables 8 and 9 and figure 5, C, I), Data on abundance of Meromyza 
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are given in figure 4. The dates of first heading of the plots studied 
are more nearly comparable to those in 1934 than to those in 1933, 
while the reverse is true of the abundance of Meromyza^ wlii(di ap¬ 
peared in nximbers earlier and reached a peak later in 1936 tlian in 1934. 
This may have influenced the total number of blasted heads collected. 

Some peculiarity of the season of 1936 caused one or more of the 
earlier planted plots to reach the stage of first heading after some of 
the later planted ones. In general the number of blasted heads shows 
a closer relationship to date of first heading than to date of planting, 
thus giving further evidence of the relation of stage of plant maturity 
to infestation by Merorrnjza. 

The type of season also resulted in bringing the date of first heading 
for the diflerent dates of planting much closer together than usual, 
as is indicated in table 10. There is some evidence that the type of 
season had a different effect on different varieties. Taking these facts 
into consideration, the data from the variety-date-of-planting plots 
in 1936 are reasonably similar to those secured in 1933 and 1934. 


Table 10 .—Range in number of days from earliest date of first heading to latest 
date of first heading for each of four varieties tested in date-of-planting-variety 
plots during 193H, 1034^ and t9S6 




Early lUackhull 
Ouuira 
K>iiire<l 
Oro. 


Total range of all varuMie'? 


Range in days 



1933 


SI: 

I 

20 I 


1934 


193 ^^ 


9 ' 
\8 ! 


In the variety series (table 8) the relative infestation of early 
maturing varieties in general is somewhat different from that of 1933 
under a lighter infestation. lispecially is tliis tnie of the relationship 
of Karly Blacklndl and Quivira to the other varieties. On the other 
hand, \Iinturki still retains its position with the lowest infestation 
when the period of first heading is taken into consideration. Four 
varieties heading at an earlier date than Minturki had a lower infes¬ 
tation but were not exposed to the maximum oviposition. Hence, 
throughout these spring infestations there is evidence that both variety 
and stage of maturity are important in determining the amount of 
injury. 

The residts of both variety and date-of-planting tests indicate the 
vahie of an early maturing variety or early maturity in the lessening of 
damage by the spring brood of the wheat-stem maggot. 

FAU. INFESTATIONS 

From a summary of counts of maggot infestation made during 
several years previous to 1934 it was found that some varieties of 
wheat appeared to have less of the fall and early-spring type of injury 
than did other varieties. Among 80 varieties and strains of wheat 
studied in two or more tests there was a range of from 0 to 29 in the 
average percentage of plants infested. Most of the varieties having a 
low infestation had been in a very few tests in which the intensity 
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of the infestation was low on all varieties. Hence these low figures 
are considered to be of doubtful significance. The intensity of infes¬ 
tation in the different years, as indicated by the average infestation, 
varied from 2.8 to 32.6. 

From among this group of wheats the 21 varieties recorded in 
table 11 have been selected for presentation because they were 
studied in five or more tests or were of particular interest in con¬ 
nection with the study of the late spring infestation. 


Table 11 .—Infestation of winter-wheat varieties by the fall generation of ** Meromyza 
arnericand*^ in various years between 19‘24 and 1933 












Average in- 




Early 

spring 

1021, 

25 

plants 





Early 


festation of— 

Kan¬ 

sas 

no. 



Fall 

Fall 

Fall 

Fall 

spring 
1933, 
25 1 

plants 

Fall 



C T. 
no. 

Variety 

1024, 

15 

plants 

1927, 

20 

plants 

1931, 

60 

plants 

1032. 

50 

plants 

1933, 

50 

plants 

1 

Vari¬ 

ety 

named 

Tur¬ 
key in 
same 
tests 




Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

I^r- 




cent 

cent 

cent 

cent 

cent 

cent 

cent 

cerU 

cent 

2522 

6161 

Honor -- -- 


0 0 

0 0 

10 0 

8 0 

0 0 


3 6 

13.8 

2564 

m2 

Dawson... 


.0 

10 0 

3 5 

10,0 

.0 

..... 

4 7 

13 8 

10 

6190 

Harvest Queen.. , 

24 6 

6 8 

0 

4 0 


.0 

- - 

6 0 

20 6 

430 

6036 

Tenmarti.. .. 


6 8 

5 0 

4 0 

4 0 

1 .0 

28 0 

0 1 

17 8 

2448 

2672 

6155 


.0 

15.0 


12 0 


14 0 

10 3 

24.8 

10001 

KanredXUani Fed- 






eration. 




13 0 

6 0 

5 9 

28 0 

10 7 

13.0 

2401 

5146 

Kanred. 


7 2 

8 0 

2 5 

2 0 

4 0 

44.0 

11 4 

17 8 

435 

223415 

6163 

Shepherd . . .. 
Illini Chief Selection 


6.8 

10 0 

25 0 

18 0 

0 


12 0 

13 8 


0 2 

8 8 

i 1 3 

6 0 

8 0 

’ 44 'o’ 

i 12 9 

17 8 

2667 

8^5 

(3heyonne_ . . . 




14 1 

8 0 

0 

30 0 

; 13 0 

13 0 

483 

8856 

Early Blackhull. 




25 8 

10 0 

0 

20 0 

13 9 

13 0 

2132 


Red Winter.. 

' 28 6" 

6 

30 0 

14 0 

12 0 

4 0 

. 

14 7 

18 2 

2628 

^6 

Quivira. 

. 


. 

25 4 

8 0 

.0 

26 7 

15 0 

13 0 

2903 

8180 

Kawvale. 



i5 6 

1 9 

22 0 

8 0 

28 0 

15 0 

16 8 

2588 

5338 

Imiierial Amber. .. 

. 

333 

10.0 

14.0 

6 0 

12 5 


15. 2 

13.8 

495 

8220 

Oro.. 





12 0 

0 

34 0 

15 3 

16.0 

2594 

8257 

Fulhard---_ -- 



30 0* 

9.3 

10 0 

8 0 

28 0 

17 1 

16 8 


5566 

Bee<5hwood._ 

32 6 

13 3 

25 0 

20 0 

14 0 

0 


17 4 

18 2 

343 

6251 

Blackhull. 



12 3 

13 8 

12 0 

10 5 

44 6 

18 5 

16 8 

350 

5597 

Red Rock_ 


‘‘o 

25 0 

40 0 

12 0 

4 5 

32 0 

18 9 

17 8 

570 

1558 

Turkey_ . ... 

'40*0' 

40 0 

15 0 

4 0 

6 0 

4 0 

38 0 

21 0 

21 0 



Average_ 

32 6 

7.1 

13 1 

11 5 

7 8 

2 H 

32 3 


. 


A few varieties, such as Turkey, Red Rock, Blackhull, and Beech- 
wood, were rather consistently high in all tests. Other varieties, 
such as Honor, Dawson, Harvest Queen, Tenmarq, and Minturki, 
were usually below the average in all tests. 

It is of interest that the variety Minturki, which showed little infes¬ 
tation by the late-spring brood, also showed relatively little infesta¬ 
tion by the fall brood. The varieties Oro, Kanred, Quivira, and Early 
Blackhull, studied in the date-of-planting series are not arranged 
in the same ranking under the two infestations. From the small 
differences between varieties and the erratic behavior in the different 
years it is questionable whether the low fall varietal infestation here 
indicated is of economic importance. However, additional tests 
under more uniform infestation may show differences of importance. 

SUMMARY 

In the life history of Meromyza americana Fitch there are three 
larval instars which are distinguishable by the shape of the cephal- 
opharyngeal skeleton. The total life cycle is completed in from 18 
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to 82 days in the summer* The winter is passed in the larval stage. 
At Manhattan, Kans., there are three generations and a partial fourth 
each year. 

During the course of these experiments four parasite, Coelinidea 
ferruginea Gahan, C. meromyzae (Forbes), Microbracon meromyzae 
(Gahan), and Ilypodiranchis sp., were reared from purparia of the 
wheat-stem maggot. Eighteen species of ITymenoptera, including 
these four, were reared from volunteer wheat or culms heavily infested 
by the wheat-stem maggot. Nine species known to be parasitic on 
Meromyza are recorded in the literature. 

In the fall and early spring the wheat-stem maggot kills the central 
leaf of the plant destroying the tiller on which it feeds. The white 
or blasted heads which appear at heading time result from the feeding 
of the larva above the upper node. 

The wheat-stem maggot has been recorded as feeding on several 
species of Triticum on barley, rye, and on a number of native and 
introduced grasses. 

riants from later sown seeds were more heavily infested in the spring 
than plants from earlier sowings. Differences in resistance to infesta¬ 
tion were noted among the different wheat varieties tested. These 
differences may not be of economic importance but further study 
should be made under more frequent and heavier infestations. 

The data collected from the variety and date-of-planting plots 
indicate that there is a stage in the growth of the plant which is more 
palatable to the larva or more attractive to the female fly than are 
other stages of growth. 
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INTRODUCTION 


TJic ajiiouiit of secretory tissue in the udder has been shown by 
experiment to b(' very much less in a hij 2 :hly specialized beef cow than 
in a hi^lily specialized dairy cow, even though the int(M*nal anatomy 
and the skeletal structur(‘. of tlie two cows are surprisingly similar 
These results siiggi^stcnl the possibility that the diffenmee in 
amount of secretory tissue in the udder, together with differences in 
persistency of lactation, may (‘onstitute the chief hereditary charac¬ 
teristics r(‘sponsible for the wide difference in milk-producing ca])acity 
wliich has long Ixhui known to (^xist between cows of the dairy and 
beef breeds. 

Data on the (puintity of secretory tissue in the udder were available 
for a large number of dairy cows whose milk-produ(*ing capacity and 
persistcn(*y of lactation had been determined. Similar data on the 
amount of secretory tissue in the udder of a beef cow', however, were 
limited to the individual used in the comi>arison mentioned ((S). Jt 
stHuned d(*sirable, therehm', to determine whether or not the udder of 
the beef cow studied was typical of the udders of cows of the specialized 
beef breeds, and also to measure, the producing ca])acity and the per¬ 
sistency or length of lactation of such beef cows when kept through 
their lirst lactation period under the same conditions of feeding, 
milking, and giuieral management as dairy (ows. 

Tn order to make such a study possible a coo])erative arrang(unent 
wuis made with the Animal Ilusbaiulry Division, Bureau of Animal 
Industry, in 11)27, whereby that 13ivision w^as to provide at the Iberia 
Livestock Experiment Farm, Jeanerette, I^a., a grou]) of eight bred 
heifers of one of the beef breeds, suitable for such a study. In order 
to avoid as far as possible the intluencc of any inheritance of dairy- 
breed characters on milk-producing capacity, persistency of lactation, 
and mammary devidopment, it appeared desirable to use beef animals 
that w(u-e registered or from registered parents, and tliat were of 
similar breeding. Animals of uniform size and condition, about 2 
years of age and bred to calve within about 3 or 4 months, seemed 
most suitable for this study. 

1 Received for publication Jan. 28, 1937; issued September 1937 

i Ackiumleflfrmeiil is made of as«mtan <‘0 Riven by W^ T. Cobb, F. S. Fletcher, and S. L. Cathcart In 
carryiriRout The work at the Iberia Livestock Ex]ieriment Farm, Jeanerette, La 
i Reference is made by number (italic) to Literature Cited, p. 286. 
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The l^ureaii of Dairy Industry, for its part, agreed (1) to keep four 
of the animals through one lactation period under conditions of feeding, 
milking, and management comparable to those under which dmry 
animah of similar age and stage of lactation are kept at that station; 
(2) to keep the records of their production; (3) to obtain ante-mortem 
photogra])hs and body measurements; (4) to obtain post-mortem 
anatomical data at the time of slaughter; and (5) to make a compara¬ 
tive study of the ante-mortem characteristics, the size, the capacity, 
and the gross anatomy and histology of their udders, according to the 
method regularly employed in studying the udders of dairy animals. 
These four animals were to bo placed in the dairy barn at least 2 
months before freshening, confined in stanchions, and fed and handled 
regularly to accustom them to th(^ conditions of dairy-herd manage¬ 
ment before freshening, in order to avoid any rapid and permanent 
decline in milk flow which might result from a radical change in 
management at the very b(‘ginning of lactation. During the prelim¬ 
inary period in the dairy barn they were to be fed liberally to produce 
good development and conditioning without excessive fattening. 
Slach animal was to be weighed every 28 days throughout the entire' 
period of the experiment. After freshening, eacdi cow in this group 
was to be milked twice daily; the quantity of milk produced at each 
milking was to be recorded, and a 2-day butterfat test was to be 
made each month. The ration was to be adjusted every 14 days and 
every effort was to be made to maintain lacdation on a maximum plane 
and to continue it as long as possible. Breeding was to take place 
not earlier than 3 months and not later than 5 months after calving 
in order that the effect of gestation might not be a disturbing factor 
in comparing the quantity of milk produced or the persishuicy of 
lactation of cows of the beef and dairy breeds when kc])t under 
comparable conditions of dairy-herd management. 

The other four animals, of similar breeding, size, age, condition, and 
gestation, were to be placed in the beef herd on the same experimental 
farm, and kept under conditions of management prevailing in that 
herd to show’ whether or not the difference in feeding and the regularity 
of milking beef cows kept under daiiy-herd conditions would apprt'- 
ciably afl*ect the size, capacity, abundance of secretory tissue, and 
gross and microscopic anatomy of their udders. On freshening, these 
animals would be j)crmitted to run with their calves and would be 
fed the same as other cows in the beef herd. No attempt was to be 
made to measure milk- and butterfat-producing capacity or per- 
sistcncy of lactation, or to prolong the lactation i)eriod. Breeding 
w^as to take place according to the schedule usually foliow^ed in the 
beef herd. The only records to be kept on this group were those 
concerning breeding, calymg, and live w’eight. After each animal 
had completed her lactation period, the conformation, anatomy, and 
comparative udder data w^re to be obtained according to the plan 
outlined for the grou]) kept under dairy-herd conditions. 

ANIMALS USED AND PROCEDURE FOLLOWED 

In October 1927 three Hereford heifers (11-15, H-10, and 11-17) 
from registered parents, all by the same sire and born in January 
1926, were purchased from a Louisiana breeder. A search for addi¬ 
tional animals suitable to make up the tw^o groups w’as not imme¬ 
diately successful. Meanwhile the three animals were delivered at 
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the expcriineatiil farua and placed in the dairy barn. H-15 died from 
the efl'ccts of conditions induced by abnormal presentation of the 
fetus, and does not furnish any of the data on wliicli this study is 
based. 

The 2-day average weights of H-IG and H-T7, as taken on October 
27 and 28, 1927, were 720 and 695 pounds, respectively. On October 
27 their ages were 21 months 22 days and 20 months 29 days. So far 
as tlie investigators know, normal weights for growing Hereford lieifers 
have not been published. The average weight of these two animals, 
based on the 2-day average taken at the ages indi(‘ated, was 708 
pounds. The here! in which H-16 and H-17 were raised received 
more individual attention than most herds in the vicinity, and the 
heifers purchased for the experiment were unusually tame and easily 
handled. They soon became accustomed to their new surroundings 
and conditions of management. They increased in weight and tlieir 
general condition and behavior were satisfactory. 

The three animals in this first lot were supposed to have been 
pasture-bred and pregnant wlien purcliased. Breeding dates were 
not available except tliat none of the animals had been oliserved in 
heat since July 1927. However, on December 14, 1927, 11-17 came 
in heat and was bred. H-10 was pregnant vhen purchased and 
calvial normally on June 1928. The loss of 11-15 through death 
and the rehreeding of H-17 left only one of the animals originally 
})urehased in suitable condition for use in the milking pliase of the 
experiment. Conseciuently six additional Hereford heifers, 2 years 
of age and from registered parents, were selected in southern Texas. 
TJiey were jiasture-hred. 

'riiese heifers liad been ‘Toughing it’^ on pasture during the winter. 
Tliey were shi])ped to Jeanerette, La., and during the first few days 
after their arrival they were kept tied, their horns were tipjieO, and 
they were branded. Wlien examined, photographed, weighed, and 
measured on A])ril 7, 1928, about a week alter their arrival, they 
were thin and gaunt. They were below the average in size and 
condition for a breeder's herd, but were classed as good range cattle 
for the Gulf Coast region, identification numbers were assigned to 
these heifers as follows: H-1, Hy2, 11-3, H-4, H-5, and 11- 6. Their 
weights on April 7 were, respectively, 550, 600, 580, 580, 625, and 595 
pounds. Eighteen days later, on April 25, their weights were, respec¬ 
tively, 615, 660, 640, 645, 650, and 695 pounds. The minimum gain 
during that brief period was 25 pounds, the maximum 100 pounds, 
and the average 62.5 pounds. The weights of 11-16 and 11-17, on 
April 9, were i|80 and 930 pounds. They had gained 260 and 235 
]>oimds, respectively, since their arrival at the experiment station farm. 

On June 4, 1928, the six heifers purchased in Texas were divided 
into two groups of three each on the basis ^f the uniformity of stage of 
gestation as determined by rectal examination. Tliis basis for selec¬ 
tion was used in order that those to be milked in the dairy barn might 
all freshen at about the same time and be in milk during the same period, 
thereby insuring more comparable conditions and facilitating the 
work recpiired in carrying on the experiment. The pregnancy exam¬ 
ination indicated that H-2, H-5, and H-6 were most nearly uniform 
and most advanced in stage of gestation, and they were selected for 
the group to be kept under dairy-herd conditions. Because of lack of 
uniformity in gestation, H-^l, and H-4 were placed in the grou]) 
to be kept under beef-herd conditions. In addition to the six heifers 
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purchased in Texas, two of the three animals originally purchased in 
Ijouisiana were still available, and in properly balancing the two p^roups 
it seemed desirable to place one of these older heifers in each group. 
IT-lb was i)regnant and apparently due to freslxen within a month. 
H-17, thouglx pregixant from a breeding on December 14, 1927, had 
reacted later to the agglutination test for hxfectious abortion. SiTX(*e 
H-16 was more advanced in gestation and ixegative to the abortion 
test, she was placed in the group to be milked in the dairy barn, and 
H-17 was placed in the group to be kept under beef-herd conditions 

The group of Herefords consisting of H-2, H 5, II-(), and 11-lb, 
selected to be placed in the dairy herd, milked, and kept under con¬ 
ditions of dairy-herd management will subsequently be referred to as 
group 1. Tlie group consisting of ll-l, H 3, 11-4, and H-17, selected 
to be kept in the beef herd under conditions of beef-herd management 
will be referred to as group 2. 

Similar data for the Aberdeeix Angus cow A-800 (<S") and for twi> 
registered Holstein-Friesian cows (no. 299 aixd no. 827) w^eie us(‘d for 
comparison with those obtained on the Herefords. 

Figures 1, 2, and 3 show^ the animals used in this study. 



Figure 1 —The four IlerefordwS (II-2, IX-fi, ll-r» ami Il-ID that were kept in the dairy herd and niilk*‘d 

through one lactation ])cnod. 


THE HEREFORD EXPERIMENT 

Tlio details of the Hereford experiment were carried on essentially 
as outlined. The heifers in group 1 (dairy management) adjusteil 
themselves slowly to the conditions prevailing in the dairy herd. 
Though not so gentle as animals raised under dairy conditions, they 
caused comparatively little trouble with the exception of occasional kick¬ 
ing. All of them calved normally. The heifers in group 2 (beef manage¬ 
ment) did not follow the schedule so well. The calving and breeding 
records of each of the animals in both groups are given in table 1 






i«K 2 'I'he ihw Herefords (H i, H-4, and II 17; that were kepi in the beef herd, and the Aberdeen 
Ai’uu,scow (A .KKI) used for coinparison 




I j'.T HI .i - -I'he two llolsteiu-l’nesuui cows (no 2V»»und no 827; with which the Heiefords .ind the Aber 

deeii Aupus cow* were compared. 

Table 1.- (\ilvi'ttg and breeding records of Hereford heifers 


notis I Dale lebretl , Hied to 


.Tan 12,1929 Hereford 
Apr. 9, 1929 ■ Jersev 
Mar 21,1929 i l)o 
Nu\ 9, 1928 j IIerefor«i 

' (') ' 


(h Shorthorn. 

Sept 19,192S j Hraiimau 


J Not bre<I. Nursed cilf until late in May 1929 
• Died July 19, 1928 Disease diufinosed as anaplasmosis 
l‘ii‘'>ture-bred, after Mar. 1, 1929. 

Body Weights and Feed (^onsi mption 

Every animal in group 1 was substantially heavier at the time of 
her final weight at the station on May 29, 30, and 31, 1929, than at 
the beginning of the experiment. Similar gains were made by the 


< troup. and animal t<o. 


Group 1 (dair\ niariaceinent) 

H-2. 

H r^ . 

H-a .■ 

H-ib _ . 

“ 'roup 2 (beef maiiaireinont) 

11 1 . 

Hi. 

U-A .. 

H-17 


1 1 )ate of cal. injr (’a) \ iny 

! 

. ._! Oct i,192S Bull calf- 
> Oct 17,1928 Heifci calf. 

Sept 22,1928 _do_ 

. June 2(1,1928 .do... , 

Dec 14,1928 Bull calf.. 

. l iec' 2fU928 A boric.'} ’ 
J.ine, 12,1928 .... do 
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animals in group 2 with the exception of IT 1, which nursed her 
calf until a short time before the termination of the experiment. 
Elach of the four animals in group 1 increased in weight during lacta¬ 
tion, but remained nearly constant in weight after the completion of 
lactation. Two of the animals in group 2 made gains of approxi¬ 
mately 100 pounds after calving, but H-1 showed a slight loss. The 
calf born to H 1 weighed 35 pounds at birth as compared with an 
av^erage birth weight of 51 pounds for the calves born to the cows 
in group 1. All the calves were kept until they were at least 4 months 
olcl, w4ien H -Ts calf weighed 100 pounds as compared with an 
average of 160 pounds for the other four. wSo far as is knowui Il-rs 
calf received nothing but its mother's milk and what feed it might 
have obtained while running with the herd. The other four calves 
were given whole milk for 30 days, and then skim milk. Grain and 
hay were first given at 1 WTck of age, the quantity being increased 
until the calves were consuming 3 pounds of grain and 3 to 4 pounds 
of hay daily at 3 months of age. The individual live w^eights for 
both groups of cows are given in table 2. 


Table 2. Live veights of Ilercfords ’ 


Oroup 1 Olairv nmnafjomont^ ^ '■ 


(I roup U nuiUHiic- 

nieiit) ^ 


Date 



11-2 

n-5 

U-0 

u-1.1; 

1 ' 


Pounds 

Pounds 

Pounds 

Pounds 

Oct 27 and 2S. 1<)27.- 




720 

Nov q. 



. 

770 

Ppc 7. 




790 1 

Jun 4. IH2S . _ 




820 1 

Fch 1. . . . _ 


- . 

890 

Fob 29 . 




910 

Mar. 28. 

_ 



880 

A pr. 7 or 9 . 

000 

025 

595 

980 

Apr 271. .. 

000 

050 

095 

930 

May 23. 

025 

590 

050 

900 1 

Jiino 20. 

710 

085 

730 

970 ! 

July IS . 

755 

715 

773 

915 J 

Aug ih .. 

745 

710 

772 

; 902 

Sept 12... 

780 

735 

.S05 

1 922 

Oct 10__ 

095 

720 

080 

1 913 

Nov 7 .... 

745 

1 005 ^ 

i 725 

942 ; 

Dec 7 . 

720 

700 

700 

1 <)50 1 

Jan 2, 1929. .. 

7fi0 

710 i 

! 790 

i 970 li 

Jan .3(1 _ 

750 

705 1 

7r>o 

9.55 |j 

Feb 27 _ 

790 

735 ! 

79) ! 

j 995 

Mar 27 __ 1 

700 

090 1 

730 

i 940 ; 

Ai)r 24 .... 1 

790 

730 

780 

i ‘ifio j 


840 

700 I 

810 

950 i' 

May 29. 30, and 31 ♦ .j 

835 

775 1 

792 

953 1 

June 13 ’ _ . 

815 

700 

810 

905 ( 

June 15 * . __j 

780 

770 1 

1 

780 

955 1 


J)ate 


Oct. 27 and 2h, 1927.. 

Nov. 9. 

Dec. 7. 

Jan 4, 1928 . 

Feb 1. 

II-l 

Pounds 

TT 1 IM7 

1 Pounds i Pound> 
)i95 

' 7.50 

780 

' . .. 810 

_ 800 

Feb 29. 




SS‘) 

Mar 28. 




^90 

Apr 7 or 9. 


550 

5S0 

930 

Apr 2.5. 


015 

045 

950 

May 23.. . 


505 

002 

980 

June 0 . 


020 

030 

990 

July 4.. .. 


025 : 

700 

1,000 

Aug. 1 ... -.J 


f»0() 

7.3.5 

990 

Aug 2*) . 


090 

730 

980 

Sept 20. 


710 

710 

1,010 

OH 24. . . .. 


705 

745 

1, 0(M) 

Nov. 21. 


700 

780 

1,020 

Dec. 19_ 


050 

710 ' 

99.5 

Jan. 10, 1929 


000 

710 

99.5 

Feb 13 . 


()4() 

070 

1, 000 

Mur 13. 


.570 

090 

970 

Apr. 10. ... 


Oil) 

785 

1,050 

May 8 . 


0.50 1 

820 

1. 0.50 

May 29, 30. and 31 L. 


015 

83.3 

1, lUO 

June 13 . 


595 ; 

HtO 

1, 115 

June 15 5_ 


590 

S25 

1.080 


1 H-15 aud Tl-3 died durinj? the early part of the experiment, consequently their welghl'^ are omitted 
^ The heavy cross rules indicate the begiiminK and the end of the lactation iwiod 
* The heavy cross rules indicate the heginnins: of the lactation ixiriod The termination of ilie period 
is not detlnltely known. < At Jeanerette, La * At liennmi:, D. C 


Tho four animals in group 1 were fed according to their calculatc<l 
rpcpiiremonts (Savage standard plus 10 percent). 

Tabic 3 shows the amounts of the various feeds consumed during 
the experiment. The hay w’as lespedeza, the silage w'as sorghum and 
soybean a part of the time and com and soybean the remainder of 
the time. The grain mixture consisted of tho following feeds: 
Brewers' rice, cottonseed meal, wheat bran, rice bran, rice polish, 
,com-and-cob meal, bone meal, and salt. 
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Tlie cows wore on pasture from June 21 to November 30, 1928, 
and from March 14 to May 29, 1929. From March 14 to 27, 1929, 
they were on pasture only half of each day. 

The ration was the same us that fed the station's dairy herd during 
the same period. 


Table 3. —Feed consumed by llerefords in group 1 (dairy ynanageuieni) by J8-day 

periods (t92S~‘^!A 


Feedmp period 










0^ 

3 






n 


2 




S 

a 





Lh 

Lb. 

Lb. 

Dyx 

]M 

Lb 

June 21 to JulV is 




28 



Ju]> l{ltoAU 2 16 




28 



Vug it) to Sept. 12 




28 



Sej)t n to Oct 10 1 

42’1 



28 



Oct JI to Xov 7 , j 

2S 1 



28 i 


- 

Xov s to 1 )ec !).. - ; 

2s 

\S4 

i20 

1 23 

1 2S 

84 

J)ec fitoJ.ui 2 1 

2S 

112 

1 8116 


1 2S 

112 

Jhti 3 to Jan 3() ; 

2s 

' ito 

S4U 

1 

: 28 

140 

Jan 31 to Feit 27 | 

1 2S 

■ ms 

84(1 


; 28 

ir.K 

Feb 2StoMiii 27 

28 

‘ 140 

! 330 

i 7 

! 28 

140 

Alar 2 s to \pr 21 i 




! 28 

1 

. 

Apr. 27) to May 22.. 




1 28 

1 


Ma\ 23 to Juno 19 ' 



_ 





II 1. j IT Ih 



O' 




a. 




2 

tl 

■5 


Gram 

X 

g 


E 

1 

Ilav 

o 

b£ 

-a 

'fji 

a 

% 

Lb. 

hy8 

Lb 

Lb. 

Lb 

Lyn 

Lb 

Lb 

Lb 

Dys. 


28 

... 



28 

81 



28 


28 




28 

01 



28 


28 




28 

84 



28 


28 

3.6 



28 

70 



28 


28 1 

28 



28 1 

50 



28 

420 

23 j 

28 

: 84 

V20 

23 

50 

84 

I 420 

23 

805 


28 

, 112 

' 805 


50 

112 

.805 


840 


28 

, 140 

i 810 


49 

1 to 

8 40 


840 


28 

i 108 

i 840 


42 

108 

810 


330 

7 

' 28 

no 

1 330 

7 

42 

140 ! 

330 

. “7 



1 -- 

1-- - 

1 

28 


1 . 


1 


28 


1- 

i 

28 




1 28 


7 

(■■*■ 

L. . 


7 


L. 


1 7 


I 


Recokds of Milk Phodi ction 

The milk-j)roducing capacity of the animals in group 1 was sur¬ 
prisingly low. Kxcept for one animal, the duration of the lactation 
jieriod was ^ery brief, although the animals were milked until the 
(juantity of milk obtained at a milking was extremely small, in an 
effort to continue lactation as long as possible. Furthermore, since 
no animal was bred until 102 days after calving, and one did not 
conceive until ISO days after (‘alving, pregnancy could not have been 
resj)onsible for the rapid decline in milk flow and the brevity of the 
lactation periods. Feeding a ration cahndatod to furnish an excess 
of nutrients was continuecl until the cows were turned on pasture 
March 14, 1929, at wliich time two of tlie animals (11-2 and H- 0) were 
dry and the other two (H-5 and H 10) were ])roducing resjicetively 
O.S pound and 3.0 ])ounds of milk daily. The records of milk and 
l>utterfat jiroduction are given in table 4. 

The data presented in table 4 require l)ut little discitssion. The 
lack of persistency in the case of If “2, II-o, and IT-0 is showui by the 
brevity of the periods of lactation, wdiich w'ere only 153 days, 202 days, 
and 159 days respectively. ^Ioreover, the monthly production 
records, the averages for daily production, the averages for the first 
10 days of lactation, the maxima for one milking and the maxima for 1 
day, all bespeak the extremely low' level of production for these three 
COW'S. Undoubtedly H-~0 was the poorest milk and butterfat pro¬ 
ducer in the entire group, her total being only SO.6 pomids of milk and 
3.73 j)ounds of butterfat for the entire lactation of 159 days—an aver¬ 
age of only 0.51 pound of milk daily. Presumably H~16 was the old¬ 
est COW' in the group. At any rate she w as larger and better developed 
than any of the others. Though her milk flow' w as very low' from a 
daily standpoint it w as more abundant and more persistent than that 
of any other cow in the group, her lactation period continuing for 329 
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days and her total production amounting: to 1,767.8 pounds of milk 
and 90.52 pounds of butterfat. This is more than 11 times as much 
milk and 13 times as rniicli butterfat as the average for the other throe 
cows in the group. The fact that H-16 was so superior to tlie other 
animals in group 1 may be accounted for partly by her greater size 
and presumably more advanced age. Since she came from a different 
line of breeding, her inheritance may have been partly responsible 
for her higher production. 

To confirm the statement previoxisly made to the effect that the 
lactation period of these animals was prolonged to the extreme, at¬ 
tention is called to the fact that the average daily production for the 
last 10 days in milk was 0.20 pound for II-2, 0.50 pound for H-5, 0.17 
pound for IT-0, and 0.94 pound for H-16. On the last 2 days of lac¬ 
tation IT-2 and H-0 were milked only once daily. 


Table 4.— Milk and hutierfat production of Herefords in grovp 1 {dairy 

wanagcrnenl) 


Year and month 


1928 

June. 

‘ July . 

August. 

Hepteniher 
October. 

November 
December . 

1929. 

.Tanuary. 

February... .. 
March . 

Aiml . 

May.. - 

Total.... .. . 

Daily average [)io- 
duction 
Entire period. 

First 10 days_ 

Last 10 days. . 
Maximum produc¬ 
tion 

For 1 milking:_ 

For 1 (lav . . | 

^ Calved Oct 1, 192S 

* Calved Oct 17, 1928. 

3 Calved Sept. 22, 1928. 

* Calved June 26, 1928. 



11-2 » 



U 5- 



n-6« 


n-16 ^ 

Milk 

But¬ 

terfat 

Days 

milked 

Milk 

But¬ 

terfat 

Days 

milked 

Milk 

But¬ 

terfat 

Dajs 

milked 

Milk 

But- i 
ter fat | 

Da.v.^ 

milked 

Lb 

Lb 

No 

Lb 

Lb 

No 

Lb 

IJ) 

No 

Lb 

: 

Lb , 

No 










8 8 

40 : 

2 










272 2 

12 .39! 
10 18| 
10 21' 

31 

31 










25.5 7 







6 ] 

31 

3 ! 226 8 

30 

62 1 

3 0.') 

28 

34 7 

1 41 

10 

30 1 

1 51 

31 

181 5 

10 791 

31 

.31 0 

1 .57 

30 

57.3 

2 32 

30 

18 3 

93 

30 

1.58 4 

8 08] 

30 

19 I 

86 

31 

43, 9 

1 49 

31 

10 2 

33 

31 

160 6 

7 31)1 

31 

14 2 

.74 

31 

38 6 

1 68 

.11 

8 3 

39 

31 

139 5 

7 74* 

31 

H 6 

27 

28 

31 2 

1 03 

28| 

6 Hi 23 

28 

ill 8 

7 OOj 

28 

1 0 

0.31 


2,3.6 

78 

31 

.8 

.03 

,5 

117 1 

7 08 i 

31 


1 - ' 


20 5 

IK) 

30 

.. 



96 1 

6 73' 

30 

-- 

1_i 

j -. ..1 

[ 5 6 

25 

11 


-- 

. 

3.3 .1 

2 26| 

23 

M26 U 

6 .52! 

153 

‘-2.55 4 

9 86 

202 

7 80 6 

3 73 

159 

*■1,767 8 

90 .52 1 

329 

H2 

1 



1 26 



51 



.137 

i 

j 


I y«) 
.20 

.r.! 


.50 

- - 

L_V 

17 

- - 

. 

94 

- - *1 
' 1 


1 .6 



2 3 



1 4 



.5 2' 

1 


2 fi 



4.1 



2 t 



10 ij 



1 







. j 



3 Butterfat test, fi 17 iierwnt 
0 Butterfat test, 3.86 iierccnt. 
7 Butterfat test, 4 63 i)erc(‘ut 
s Butterfat test, 5.12i)orcont 


During the time the Herefords were on experiment (June 2(5, 1928, 
to May 23, 1929) eight first-lactation Jerseys in the same herd were 
being tested for milk and butterfat production. Three of the Jerstys 
were in milk following abortions, whereas all of the Herefords in the 
group calved normally. Moreover, two and probably three of the 
Jerseys had had cattle-tick fever prior to going on test, contracted as 
a result of moving the herd from the experimental farm because of the 
flood. On the other hand, the Jerseys were slightly older when they 
freshened (average 3 years 1 month) and were milked three times 
daily during at least a part of the lactation period. The average 
production of the eight Jerseys was 6,684 pounds of milk and 358 
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pounds of butterfat. This is approximately 12 times the avcrag;e 
milk production and approximately 13 times the average butterfat 
production of the four Herefords. 

It is recognized that the Hereford is a specialized beef breed that 
has been bred for meat rather than dairy purposes. The Hereford 
cow consequently is expected to be a low milk producer, yet she seldom 
fails to raise a calf successfully without the aid of nurse cows—even 
under range conditions. 

When compared with cows of a dairy breed of similar age, the ])ro- 
duction records of the four Herefords were extremely low. The ani¬ 
mals in this group apparently did not ])ossess the capacity to produce 
liberal quantities of milk, or the stimulus to continue lactation over an 
extended period. The fact that three of these animals were under¬ 
sized is recognized, but witli the opportunities afforded them both 
before and during lactation, they could hardly have failed to make a 
more creditable showing if their inheritance had included the capacity 
for abundant lactatioTi. 

BREED COMPARISONS 

Since this study of the confonnation, anatomy, udder character¬ 
istics, and lactating capacutA" of Herefords was prom])ted by results 
obtained in comparing the udder development of the Aberdeen Angus 
cow A-30() with that of the Jersey cow Sophie H)th of Hood Farm («^), 
it seemed fitting that an attempt be made to determii\e whether the 
conditions found in the udder of the Aberdeen Angus cow vere 
typical of beef covs, and to what extent the Aberdeen Angus udder 
and the Hereford udders differ from the udders of cows of a dairy 
breed. 

An effort was made to use for comparison the data from dairy cows 
of ap[)roximately the same age as the Herefords, but the only complete 
and comparable data available were those on two Holsteins that aver¬ 
aged 4 years 7 months of age at time of slaughter as compared with 
3 to 3U years for the Herefords. Moreover, the Aberdeen Angus 
cow was approximately 12 years of age when slaughtered. Attention 
is called to this difference in ages as it seems reasonable to suppose 
it might in some degree affect the size of the animals in the different 
groups and consecjuently be reflected in the direct weights and meas¬ 
urements of the bo<l 3 “ and its f)arts, and in the comparisons made in 
them. However, most of the data presented are in the form of ratios 
of one body measurement to another designed to show body propor¬ 
tions rather than absolute measurements, or are })resented as ratios of 
the size of individual body ])arts to the body ns a whole. A compari¬ 
son of tlie data pres(uited in this maimer affords an opportunity to 
study conformation and comparative anatomy more or less irres¬ 
pective of the size of the animals, and ])resiimably minimizes to a 
great extent the effect of differences in age. 

The Herefords, the Holsteins, and an Aberdeen Angus are com¬ 
pared on the basis of their conformation (ante-mortem data) and 
their anatomy (post-mortem data); and on the basis of the character¬ 
istics of their udders as determined both before and after death. 
The Aberdeen Angus cow was a show animal (had recently been ex¬ 
hibited at the International Livestock Exposition) and was in a very 
high condition of flesh, whereas the five Herefords purchased iii 
southern Texas were in comparatively poor flesh. The Holsteins 
were in moderate flesh. 



248 


Journal oj Agricultural Research 


Vol. 56, no. 4 


Holstein cow no. 299 was 4 years 2 months of ag:o and had been diy 
22 days when slaughtered. Her production record, made at the age 
of 3 years 3 months was 14,295 pounds of milk and 463 pounds of 
butterfat. Holstein cow no. 827 was 4 years 11 months of age, and 
had been dry 7 months 12 days when slaughtered. Her production 
record, made at 2 years 7 montlis of age, was 14,257 pounds of milk 
and 522 pounds of butterfat. Both Holsteins were milked three 
times daily w hile their records were being made. Milking the Hol¬ 
steins three times instead of twice daily, and the fact that they were 
slightly more advanced in age at the time the records were made, 
probably gave them some advantage over the Ihu'efords with respect 
to abundance of production. However, the dilference between the 
production records of the Herefords and the Holsteins is so great that 
a marked contrast in producing capacity is emphatically shown, 
l^roduction re(*ords are not available for the Aberdeen Angus cow' 
A-300. 


ANTE-MORTEM MEASUREMENTS AND SUPPLEMENTAL DATA 


Owing to the lack of facilities at the Iberia Livestock Ex])eriment 
Farm for slaughtering the Herefords and obtaining the desired post¬ 
mortem data, they w^ere weighed on 3 successive days, given the 
necessary dippings at th(' Federal dipping station, and shippc'd to tin* 
stockyards at Benning, D. C\, wdiere they arriv^ed June 8, 1929, after 
being on route since June 1. 

On June 13 their wxdghts were obtained on the stockyard scales, 
and photographs were taken of the individual animals. The total 
weight of the seven animals was 5,900 pounds as compared to 5,903 
pounds for the average for 3 days immediately before shipment. 
Four animals had gained slightly in weight; three had lost. The 
individual w eights are given in table 2. 

On June 14, the cow’^s were graded for slaughter purposes as follows: 


Group 1: 

H-2_ 

H 5_ _ 

H-6 _ _ . 

11-16_ 

Group 2: 

H-1_ 

If 4_ . . . _ 

H-17 _ - _ . 


Grade 

JjOW 

Middlo n)(*(liuiu. 
Low nuHliuiu. 
Middle good, 

Toj) cutter. 

Top medium. 
Low good. 


On June 15, at the Benning stockyards, ante-mortem measurements, 
designed to translate conformation into numerical values suitable for 
analysis, were made of each of the seven animals according to the plan 
regularly followed by the Bureau of Dairy Industry in recording and 
studying grow th and conformation. Observations on the develo])- 
inent and condition of the udder of each of the seven cows were made 
on the same day. Live weights, taken at about 2 p. m. on June 15, 
totaled 5,780 pounds. Individual weights are shown in table 2. 

A comparison of the conformation of animals representing such 
niarked differences in type as animals of dairy and beef breeds is 
difficult to show, except as it can be shown through body proportions, 
or through the relation of each of the different measurements to one 
or more measurements selected as most nearly representing the 
skeletal size of the animal. Bush-Brown (3), a sculptor, Wasliington, 
D. C., emphasized the necessity for— 
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an accurate and reliable method of measuring the })odies of individuals, which wdll 
make full allowance for variations in size, so that not only large and small individ¬ 
uals of the same breevl ma\ become comparaldc, but also individuals belonging to 
different breeds, and eviui the same individual at dilferent stages of growth. 

Such a iiiotliod must clearly be based uj)oii a unit common to all 
individuals, and upon a comparison of proportions rather than uj)on 
absolute measurements. In studying the conformation of the horse, 
Bush-Brown used as a basis the height at withers which, regardless 
of the size of tlu^ animal, determines the unit of measure to be used 
for that animal. The pro])ortions obtained from measurements made 
on this basis enable an artist or a sculptor to reproduce with exactness 
a painting or a model of any size. 

A number of research workers who have studied cattle conforma¬ 
tion have indicated that height at withers is a fairly satisfactory 
measure of skeletal size. According to the views of Van den Bos(‘h, 
late chief insj)ector of the Netheilands Cattle Society, a dairy cow^ 
approaclies perfection as her different body measurements approach 
delinitc proportions to height at withers. He uses height at withers 
as a ])asis for determining l)ody proportions in evaluating the degree 
of ])erfection in the form of a dairy cow'. Eckles and Sw^ett (J, p. 0) 
state tbat—• 

growth of the animal, as far as the skeleton is concerned can be determined 
jt'a.sonably well by a ft‘w measurements, and sulbciently well for most purj)oses 
by one measurenuMit aloiu‘. 

The one selected was ludglit at withers. Brody (/,;>. 1) states that— 
since height at witliers in cattle is but slightly influenced by environmental con¬ 
ditions, therefore, at a gi\<*n age the numerical value of this measurement is 
practically a genetic index of the size of the animal. 

More recently Lush and (bpeland (6*, p, J^iJ) stated: 

F’or most jiurposes a very few' measureinenls considered in relation to each 
other or in ri'iation to weight seem as much as would be really useful in contribut¬ 
ing to the general picture of tlie animal and of the change.s which occurred in it. 
Tlius height over withers or over hips w'ould certainly be included among those 
measurements least intlneneed by plane of nutrition, and therefore especially apt 
to be illuminating when considered in relation to weight. 

Other workers, studying nutrition, growTh, and other matters 
relating to size in cattle, have base<l their experiments either on 
skeletal size alone or on skeletal size and live weight- skeletal size 
being measured by height at withers. 

Some students of animal conformation subscribe to the idea that 
length of head rather than height at withers is the fundamental unit 
of measurement to which every other body measurement bears a 
definite ratio in the animal having the desirable form. Pontius 
(7, p, J10) studied the relation betw^een length of head and each of 
10 dilferent body measurements for a group of dairy cow^s having good 
(‘onformation and good produ(‘ing <*apaeity. His correlations were 
not liighly significant. Aeiuirding to (xulliver (J, p, 6*,9), both Megar- 
gec and Kawamura., wdio are well knowm as animal painter and 
animal sculptor res])ectively, have for years usetl a system of meas¬ 
urement and proportion based on length of head. 

The ante-mortem measurements of the seven Herefords, together 
wdth <‘orresponding measurements of the two Holstein cow s and the 
-Vberdeen Angus cow", whose udders are compared wdth those of the 
Herefords later in this paper are given in table 5. 



Table 5.— Anie-moriem data on the animals used in the experiments 
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BREED DIFFERENCES IN UNITS OF MEASUREMENT AND IN RATIOS TO HEIGHT AT 
WITHERS AND TO LENGTH OF HEAD 

When exjiressed in actual units, the measurements of the Ilere- 
forcls (lifFered considerably from each other, and as a group differed 
markedly from tlie Holstcins and from the Aberdeen Angus, rn- 
doubtedly, condition of fleshing and stage of gestation had a (‘on- 
siderable effect on the measurements of individual animals, as II-l 
was in comparatively poor flesh, H 17 was in very good flesh and 
nearly due to freshen, and A”30() W'^as in a very high condition of flesh. 

The ratio of each body measurement to lieight at withers and to 
lengtli of head, which, as stated, have been used by several investi¬ 
gators as liasic measurements, have been determined to make ])ossible 
a study of the comparative proportions of each animal. Table 5 
shows the body nieasurements for the different items expressed in 
actual units, and the ratios of the body measurements to the height 
at withers and to the length of head. Thickness of hide and diameter 
of trachea are not considered as body measurements, consequently 
they ar(‘ not included in the discussion of conformation. 

AVithoiit exception the average for live weight, and for each body 
measurement, expressed in actual units, was greater for the Holstcins 
than for tin*, Herefords, but the relation of actual measurements of 
the Aberdeen Angus to those of the other breeds is not consistent. 
The probable* effect of age differences on these absolute measurements 
has been mentioned previously. Twenty-four different body meas¬ 
urements are compared for each of the breeds. The magnitude of 
the measurement for the Aberdeen Angus is intermediate between 
the averages for the Herefords and the Holstcins for 18 of these items, 
8 of which are indicative (»f ''scale/^ The width of thurls of the 
Aberde<*n Angus is equal to the corresponding average for Holsteins 
but distinctly greater than the Hereford average. The measure¬ 
ments for the remaining 10 items, which include the de})ths of rear 
chest and of paun<*h; length of rump; width of hips; and the widths 
and circumferences of fore chest, rear chest, and paunch, arc greater 
for the Aberdeen Angus than for either the llerefords or the Holsteins. 
Undoubtedly most of these 10 measurements, as well as the width 
of thurls, were affected to a very considerable extent by the excessive 
fleshing in the Aberdeen Angus. 

PERCENTAGE DIFFERENCES. BY BREEDS, IN UNITS OF MEASUREMENT AND IN 

RATIOS 

In comparing breed averages on the basis either of actual units of 
measurement or of ratios, some differences wdiich at first appeared 
small were found to be of considerable importance if they repre¬ 
sented small measurements or low ratios. Some ditterences that 
appeared relatively largo were of comparatively little significance if 
they represented large measurements or high ratios. For example, 
in conijiaring the averages for Holsteins with those for Herefords 
(table 5), a difference of 21.58 centimeters in height at withers repre¬ 
sents a percentage of 18.4, whereas a difference of only 8.59 centi¬ 
meters in width of loin is equivalent to 29.1 percent. For this reason 
the differences in breed averages were reduced to a percentage basis. 
To determine the per(‘cntage to wdiich the Holsteins differed from the 
Herefords for aiij^ given item the difference betw^een the averages 
for the tw'o breeds for that itt'm was divided by the average for tlie 
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Hereforcls and multiplied by 100. If the Holstein average was higher 
than the Hereford average, the percentage value was prefixed with a 
])lus sign; if lower it was prefixed with a minus sign. In the same 
manner the data for the Aberdeen Angus were comj)ared first with 
the llerefords and then with the Holsteins. The per(*entages showing 
the extent to which the breeds differ are given in table 0. 

Since all the weights and measurements are greater for Holsteins 
than for llerefords, the percentages showing the degree of difterence 
are all jilus. The greatest difference, which is for live weight, sliows 
that the Holsteins averaged 08.04 percent heavier than the llerefords. 
Among the measureuKuits, the greatest difference was in width of fore 
chest (41.34 percent), and the next in width ofpinbones (31.13 percent). 
The greatest differences appear to be associated with fullness of barrel 
and the smallest with skeletal measurements and “scale.” 

The Aberdeen Angus dift'ers from the Herefords most in live weight, 
widths and circumferences, and least in skeletal measurements and 
“scale.” 

Th(‘ .Vberdeen Angus is higher than the Holsteins in weight, lower 
than the Holsteins for 13 of the measurements, liigher for U), and the 
same for 1. The measurements having tlie greatest minus (lifferencc 
are height at withers and hips, length of head, and width of pinbones. 
Those having the greatest plus difference are width of fore cliest and 
hips and circunihu’cnce of fore chest and paunch. 

Tht‘ ratios based on height at withers indicate that the Holsteins 
W(‘re \erv similar to tlie Her(‘fords in body proportions with only a 
f(‘w of th(‘ items differing greatly, the larger differences being confined 
almost entirely to measurements of width. The Aberdeen Angus 
diffennl most from both the Herefords and the Holsteins in width 
of hips, dejitli of pauncli, and in widths and (‘ircumferences of barrel, 
showing th(' combined eflVct on body ])roportions of a high condition 
of flesh in a low-set animal. 

Tin* com|>arison of the ratios based on length of head emphasizes 
the similarity in the proportions of the Herefords and Holsteins for 
nearly all items; it shows that the .Vberdeen Angus differed only 
slightly from the Herefords tmd the Holsteins in the items representing 
“scale”, but that the .Vberdeen .Vngus differed greatly from both Here¬ 
fords and Holsteins in many of the widths and in all of the circum¬ 
ferences of the barrel. In view of these results it is noteworthy that 
the llerefords and the .Vberdeen .Vngus, though differing greatly in 
size and in many body measurements, were nearly the same in 
length of head, and that the Holsteins greatly exceeded them in this 
measurement. 

Although marked differences existed in the live weight and in many 
of the body dinumsions of the breeds, a similarity is shown in the body 
I)roportions of the Holsteins and the Herefords when the ante-mortem 
data an^ compared on the basis of ratios bas(*d either on height at 
withers or on length of head. Also the ratios for measurements of 
height and length, which are indicative of “scale”, indicate that the 
three breeds a-re very similar. The outstanding differences in body 
proportions are for those measurements that are most affected by 
deposition of fat. This confirms conclusions previously expressed (8) 
that cows of the different breeils are generally similar in skeletal 
structure, and that difference in type resulting from breeding and 
selection is due primarilv to degree of fleshing. 

j 2:’>C8—87-2 
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In addition to the ante-mortem measurements given in table 5 a 
number of additional values have been derived to show more com¬ 
pletely the differences in the conformation of the Hcrefords, the Hol- 
steins, and the Aberdeen Angus. The methods employed in obtaining 
the contours, body surface area, volume of barrel, angle of rump, 
thoracic and abdominal indexes, legginess, and wedge shape are ex¬ 
plained in detail in a previous publication (/>). These supplemental 
ante-mortem data are given in table 7. 

Attention is again called to the fact that the Holsteins and the 
Aberdeen Angus were older than the Herefords at the time of slaughter 
and that this greater maturity probably had an effect on the absolute 
values representing total area of fore chest and of paunch, body 
surface area, and volume of barrel. A marked progressive increase 
is shown from Hereford to Holstein to Aberdeen Angus in the average 
values for total contour area of both fore chest and paunch. In the 
fore-chest contours, slightly more than half the area is above the 
vertical midpoint for Herefords and for the Aberdeen Angus, whereas 
very slightly more than half was below for the Holsteins. In the 
])auncli slightly more than half of the total area was below the vertical 
midl>oint for all three groups. In both fore chest and i)aimch, the 
values obtained by dividing the total contour area by the correspond¬ 
ing depth, width, and circumferen<’(», progress with considerable 
regularity from Herefords to Holsteins to Aberdeen Angus. How- 
(‘V(M’, th(» increase is less marked from Holsteins to Aberdeen Angus 
in the (‘ase of circumference of paun(*h, than for the others. 

Th(‘ body surface area is much less for the Herefords than for the 
Holsteins, but almost the same for the Aberdeen Angus as for the 
Holsteins. A similar relationship of values exists for the estimated 
\olume of barrel. Though perhaps not highly significant, the angle 
of runij) wjiN highest for the Holsteins and lowest for the Aberdeen 
Angus The thoracic index decreases with considerable regularity 
from Herefords to Holsteins to Abeixleen Angus, signifying that the 
Holsteins were intermediate and that the Aberdeen Angus was the 
highest in j)roportion of width to depth of fore (diest. Values for 
abdominal index are nearly the same for all three breeds. The 
h'gginess was almost the same for the Holsteins as for the Herefords, 
but distinctly less for the Aberdeen Angus. 

On the basis of actual measurements, the Herefords had almost 
no vertical wedge .shape, as <letermiiied bv subtracting de])th of fore 
chest from det)th of paunch; the Holsteins had more than 10 times 
as much as the Herefords; and the Aberdeen Angus luul more than 
.S times as much as the Holsteins. In width, the wedge shape de¬ 
creased markedly from Herefords to Holsteins to Aberdeen Angus, 
showing that the Herefords were narrowest in the chee^t as compared 
with th(‘ width of ])aunch. Jn circumference the we<lge shape was 
almost the same for all three breeds; and on the basis of the contour 
areas the wedge shape of the Herefords and Holsteins was almost 
identical, but tliat of the Aberdeen Angus was considerably less. 

Another method of showing wedge shape is to divide the paunch 
measurement by the corresj)onding fore-chest measurement. The 
ratios for depth obtained in this manner increase somewhat from 
Herefords to Holsteins and to a greater extent from Holsteins to 
Aberdeen Angus. On the other hand, the corresponding ratios for 
widths decrease. Katios for circumferences are highest for the 
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Herefords, but those for Hol^teiiis and for Aberdeen Angus are nearly 
the same. For contour areas a decrease in ratios is shown from Here¬ 
fords to Holsteins to Aberdeen Angus. The ratios sliow practically 
the same thing as the differences in measurements, indicating that tlu^ 
Herefords were relatively shallow in the paunch, wliereas the Holsteins 
had somewhat greater and the Aberdeen Angus much greater relativc 
paunch depth; that in width the Herefords w^ere relatively narrow-¬ 
chested, whereas the Holsteins had greater and the Abeideen Angus 
still greater relative wridth of fore chest; that in circumfci*ence the 
relation of paunch to fore chest w-as more nearly the same for all 
breeds and that in contour area the 7*elation of paunch to fore chest 
was low^er for the Aberdeen Angus than for the Ifolsteins, and low^er 
for both than for the Herefords. The data in table 7 emphasize 
again the effect of fleshing on the body proportions of the animal. 

POST-MORTEM ANATOMICAL DATA 

The seven Herefords w^ere slaughtered during the })eriod of June 17 
to 21, 1029, and post-mortem data were obtained in accordance with 
the general plan adopted by the Bureau of Dairy Industry for study¬ 
ing the relation between the. conformation and anatomy of the dairy 
COW" and her milk- and butterf at-producing capacity. The post¬ 
mortem data for the Herefords, the Holsteins, and the Aberdeen AngU'^ 
are presented in table 8. The live w"eights differ somewhat from those 
^ showm in the ante-mortem data as they wwe taken immediately before 
slaughter, whereas the ante-mortem data sometimes were obtained 
several days earlier. Empty body w-eigbt is used to represcuit the net 
w-eight of the total animal structure. It is determined by subt7*acting 
the total weight of the contents of the stonuudis and intestim's from 
the live w"eight. 11 is more signifi(‘ant than live w eight as it eliminates 

variations in weight due to the of the animal. The other items 
are self-explanatory. 

In table S, data are given for each animal in the units of w eight or 
measurement as taken, and show' the differences existing between 
individuals or breeds in the size of the animal or its organs and body 
parts. Here, again, the authors call attention to the possible effect 
of age differences on these absolute values and on comparisons based 
upon them. The values designated as ‘hinits per 100 pounds of empty 
body w-eight”, show the relation of each organ and body ])art to the 
weight of total animal structure. 

The actual values for Holsteins are greater than those for Herefords 
in all but 3 of the 67 items compared. The actual values for the Aber¬ 
deen Angus are higher than those for the Herefords in all but 4 of the 
34 items comparecl, but greater tlian those for the Holsteins in only 
11 of the 34. When compared on the basis of the values show-ing 
size of organ or body part in relation to empty body weight, the 
Herefords exceed the Holsteins in 53 of the 66 items compared, and the 
Herefords exceed the Aberdeen Angus in 26 of the 33 items compared. 
The Holsteins exceed the Aberdeen Ang\is in 27 of the 33 items com¬ 
pared. To obtain a better idea of the degree of difference betw'een 
the breeds, both the actual units and the values based on empty 
body weight arc compared, as in the case of the ante-mortem data, 
by reducing the differences to a percentage basis. The percentages 
for the different comparisons for each item are show'ii in table 9. 
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Table 8. Posi-monem data on the animals used in the experiments —Continued 
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Table 9. —Comparative anatomy of the Ilerefords, HohtcinSy and Aberdeen Angus 


Actual unit.s 


Units per 100 pounds of empty 
body weight 


Item 


Live weight. - - 

Empty body weight . . - . . . 

Weight of blond.. - - - - -- 

Weight of thyroid .. . . . . 

Weieht of bram - 

Weight of pituitary body.. -.. 

Weight of udder (empty). 

Weight of hide.. 

Weight of genital organs. 

Weight of ovaries. 

Weight of liver.... 

Weight of spleen. 

Weight of pancreas. - - 

Length of small intestine —. 

Length of large intestine.. ,... 

Total length of intestines. 

Weight of small intestine.. 

Weight of large intestine-.-- . 

Total weight of intestines. 

Weight of paunch ...... 

Weight of reticulum. 

Weight of omasum. 

Weight of abomasum. 

Total weight of stomachs. 

Total weight of abdominal fat. 

Weight of pluck. 

Weight of right lung. 

Weight of left lung. 

Total W'eight of lungs . - 

Weight of heart, auricles attached. 

Circumference of heart (base)... 

Circumference of heart (aiiex 1),.. 

Circumference of heart (apex 2). 

Weight of heart, auricles removed. 

Total weight of thoracic fat. 

Weight of kidneys. 

Weight of adrenals... 

Weight of dressed carcass. 

Depth of thoracic c»vitv 

At first thoracic vertebra. 

At second thoracic vertebra... . . 

At third thoracic vertebra. 

At fourth thoracic vertebra... 

At fifth thoracic vertebra. .. . 

At uSixth thoracic vertebra 
At seventh thoracic vertebra 
At eighth thoracic vertebra.. 

At ninth thoracic v’-ertebra. 

At tenth thoracic vertebra . 

At eleventh thoracic vertebra_ 

At twelfth thoracic vertebra . 

At thirteenth thoracic vertebra,.. 
Maximum length of thoracic cavity. . 
Width of thomcic cavity 

At first rib.. . _ 

.At second rib.... _ 

At third rib.. ... 

At fourth rib. 

At fifth rib..... 

At sixth rib. 

At seventh rib. 

At eighth rib __ 

At ninth rib.... 

Diameter of trachea outside fifth ring,. 
Diameter of trachea inside fifth ring.... 

Area of trachea inside fifth ring.. 

Diameter of trachea outside fourth ring 
Diameter of trachea inside fourth ring.. 
Area of trachea inside fourth ring. 


1 

Relation 
1 ofHol- 
1 steins to 
j T-Tereford 

Relation 

1 Relation 

Relation 
of 11 ol- 
steins to 
Hereford.' 

Relation 

Relation 

of Aber- of Abei- 
deen deen 

Angus to i Angus to 
; Ilerefordsi Holsteins 

1 1 

of Aber¬ 
deen 
Angus to 
Heiefordf 

of Aber¬ 
deen 
Angus to 
Tlolsteins 

1 

! Percent 

Ptreenf 

1 

j Percent 

Percent 

Percent 

Percent 

. 1 -f6S .5H 

+03 77 

, +14 04 

-5 02 

-11.35 

-6 07 

. 1 60 

+117 44 

: +22 37 



_ 

. -1 -+ 01) 28 


1 

+17 74 


_ 

.. +160 50 

+277 30 

i +44 84 

+36 03 

+01 41 

+ 17. 88 

.. +.M 57 

. 


-20.02 

- 

. _ 

- 1 +69 86 

1 +100, 16 



—6 06 



+3.16 08 

+67 62 

+.50 60 

+ 106 94 

+37 33 

, +26 20 

+20 10 

+2 37 

-31 38 

- 42 67 

-10. 44 

: -80 10 

- 00 35 

-11 41 

-02 40 

-94.04 

-28 57 

-1 +112 16 

+184 ,)3 

+34 11 

+ 18 54 

+30 90 

+ 10 43 

-1 +82 00 

+75 18 

; -4 22 

+1 50 

-20 6.3 

-21 87 

1 +50.74 

+49 70 

- 60 

-15 78 

-31.20 

-18 :i8 

, +162 39 

+78. 15 

: -31 00 

+45 10 

-19 22 

-44 37 

+.30 54 

+23. 03 

-11 10 

-23 70 

-44 .54 

-27 31 

... +18. .37 

+38 21 

— 6 85 

-!.S 18 

-37 09 

-2.3 85 

.! +41 30 

+20 03 

-10 23 

-22 .5.5 

-43 1! 

-20 5.5 

+ Il 12 

-15.86 

-24 35 

-30. 40 

-02 42 

-.17 80 

. 1 -0 20 

-21 64 

-13 70 

-40 06 

-04 <>3 

-20 73 

-1 +1 21 

-18 60 

-10 08 

-44 .59 

-03 01 

-34 32 

. +70 50 

i +22 84 

-27 05 

-5 40 

-44 51 

-41 28 

+56 00 

+42 .50 

-8 06 

-n 33 

—36 07 

-26 02 

. 1 +55 50 

+ 10 80 

-22 04 

-14 55 

-4.5 45 

-36 17 

i +3 28 

+ 10 05 

+ 16 14 

- 4.5 10 

-48 .39 

-5 HK 

I +54 51 

+ 2:1 04 

-20 37 

-15 30 

-44 70 

— 31 77 

1 +410 43 

+.509 14 

+37 03 

+207 .51 

+241 04 

+ 10.90 

.! +121 03 

+ 106 39 

-6 62 

+ 22 28 

-0 74 

-23. 73 

.J +70 58 

+10.92 

-3H 24 

-.00 

-51 16 

-51.16 

.1 +72 81 

+24.42 

-28 (K) 

- 0. 06 

-4.5 4.5 

-41 91 

+76 65 

+16. 77 

-33 00 

-2 63 

-47 .37 

- 45 95 

., +1(K1 57 

+70.63 

-16 IS 

+ ].l 16 

-23 08 

-.32 .56 

.! +27 78 

+26 05 

-1 .35 

-20 32 

-4.3 16 

-19. .58 

. 1 -{-27.05 

+ 17. 46 

-8 20 

! -20 17 , 

-47 02 

-24 80 

.' +20 85 

+ 16 00 

-10.20 

-28. .55 

-47 .54 , 

-20. .57 

’ +103 ()){ 

+70 31 

-16 13 

4 14. 71 ! 

-2.3 .53 

-.43 33 

. , +288 80 

+322 71 

4 8.70 

+ 1.44 48 ' 

+ 103 45 1 

-13 21 

- +70 22 

+ 100 00 

+45 08 

-1 73 1 

+ 16 70 1 

+ 18 7.5 

. 1 +63 87 

+211 48 

+00 08 

-12 .50 1 

"1 .30 01 1 

+.5,5.60 

. j +84 48 * 

' . 


+:4. ,42 ■ 


-- . . 

.' +25. 59 


. 

-31 28 ' 



.1 +13.58 



-‘48 .55 i 



+21.00 

. 

... 1 

-31 13 



+22.75 



-.*43 47 i 



+ 10 00 


j 

-35 00 1 



! +10 78 ! 

.. . . 


-:45 44 I 



! +10 10 

- 

- 

-.35 65 

1 


+ 10 68 
, +10 06 

1 +17 20 
. ; +16 35 

- - ‘I 


-.3.5 44 i 
-.35 40 
-37 23 

-- 

— 


... 

-37 86 



. +22 91 



-(45 00 



. 1 -9 60 



-.54 24 



. 1 +10 78 

— 

. -1 

! 

-34 87 

1 


' +20 10 


. 1 

-34 88 

' 


1 +17.48 



-36 .59 



J +18 40 



-36.11 

1 


+20 10 
+22 07 

1 

-35 25 
-33 92 






1 +24 81 

I +24 88 

1 

-32 42 
-31 91 







' +25.04 

j 

- 

-31 05 


. 

. i +25 



-31 04 



1 +13.52 



-48 10 



t +10 58 . 



—4.5.10 



1 +26 74 . 

i 


-42 09 



. +20 00 



-43. 00 



. 1 +24 69 



-40 35 



.1 +41.70 

1 



-34 39 . 



1 

1 
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PERCENTAGE DIFFERENCE IN ACTUAL UNITS OF WEIGHT OR MEASUREMENT 

The j^ercentagos in table 9 indicate that on the basis of actual units, 
the Holsteins exceeded the Herofords by more than 100 percent in 
nine items, the greatest differences being, in order of magnitude, 
weights of total abdominal fat, total thoracic fat, pancreas, thyroid, 
udder, pluck,^ ovaries, and the two weights of the heart. The only 
items differing by less than 10 jiercent arc W'cights of total intestine, 
abomasum, and largo intestine, and one of the depths of the thoracic 
cavity. 

The Aberdeen Angus exceeded the Herefords by more than 100 
percent for nine items. Three of these (the weights of total abdominal 
fat, total thoracic fat, and the udder) were above 300 percent. In 
this (‘onnection an extremely fatty condition of the udder is noted, 
indicating tliat the greatest differences are in the jiarts made up 
chiefly of body fat. Two othei*s (the weights of thyroid and of 
adrenals) w^ere above 200 percent, suggesting a marked difference in 
some of the endocrine glands. The other four in the order of magni¬ 
tude are weights of ovaries, kidneys, einjity body, and ])luck. Dejiosi- 
tion of fat could have been at least partly responsible for the high 
percentage of each of these nine items, except for the w'cight of ovaries. 
None of the ite^ms in this com])arisoii had a ]>ercentage below 10 per¬ 
cent. Of the five smallest percentages, wliicli ranged from 10.92 for 
wxught of right lung to 17.46 for circumference of heart, four wwe for 
weights or measurements of organs of circulation and respiration 

When the Aberdeen Angus is compared with the Holsteins the 
differences are much less marked. In no case is the difference as 
much as 100 percent. The four highest percentages, all of wdiich 
show' excesses for the Aberdeen Angus, raiige from 90.08 to 44.84 and 
include in the order of tlieir magnitude the w'eights of adrenals, udder, 
kidneys, and thyroid. On the other hand nine items differ by less 
than 10 percent and only two of them are greater for the Aberdeen 
Angus than for the Holsteins. 

In cojuparing the Aberdeen Angus cow^ wdtli cows of the other 
breeds especially the Herefords—the extreme differences in (ondi- 
tion of flesh should be kej)t in mind. Undoubtedly these differences 
in flesh are responsible for some of the differences found in both the 
ante-mortem and ])ost-mortem data. 

PERCENTAGE DIFFERENCES IN UNITS OF WEIGHT OR MEASUREMENT PER 100 
POUNDS OF EMPTY BODY WEIGHT 

When the comparison of breeds w'as nnule on the basis of units per 
100 pounds of empty body weight, the Holsteins differed from the 
Herefords by as much as 100 percent only for w^eight of abdominal 
and thoracic* fats. Both w ere greater for the Holsteins than for the 
Herefords. For nine items the difference wnis less than 10 percent. 
Of these, six wore greater for the Herefords. Values that were low er 
for Holsteins than for Herefords on the basis of actual units became 
even lower on this basis, and those that were positive on the actual 
unit basis show'ed either lower positive or negative values w hen com¬ 
pared on the basis of empty body weight. The effect of degree of 
fleshing on the empty body w^eiglit may have been to some extent 
responsible for these diflerences between the two bases of comparison. 

< In this v<»tudy the word “pluck” refers to the unseparated contents of the thoracic cavity as removed in 
slaughteririR 



266 


Journal of Agricultural Research 


Vol. 65, no 4 


A comparison of the Aberdeen Angus with the llerefords shows only 
throe items (weight of abdominal and thoracic fats and the udder) 
differing by more than 100 percent, all of which aro lower for the- 
Herefords "than for the Aberdeen Angus. Only one item (the weight 
of pluck) differs by less than 10 percent. As in comi)aring the Hoi- 
steins with the Herefords, all items that were positive on the basis of 
actual units became either lower positive or negative, and those that 
wore negative became negative to an even greater degree. Deposition 
of fat, or fleshing, seems to have been cliiofly resj)onsibie for the 
differences shown by the two methods of comparison. 

A comi)arison of the Aberdeen Angus with the Holsteins shows that 
no item of measurement differs by as niuch as 60 percent, only two 
differ by more than 50 percent, and only two differ by less than 10 
percent. 'Flic relation between the values based on actual units and 
those ba.sed on units per 100 j)ounds of empty body weight in this 
breed emnparison is similar to that shown in the other breed com¬ 
parisons and the same factors are probably resnonsible. 

PERCENTAGE DIFFERENCES IN GROUPS OF ITEMS COMBINED ON THE BASIS OF 

ANATOMY AND FUNCTION 

To obtain an idea of the extent to wliich dilferences in anatoiry arc 
associated with the functions of the organs and body parts, the items 
in table 9 were divided into seven groups as follows: (1) The body- 
size group (skeletal and muscular), which imdiules the live weight, 
empty body weight, weight of hide and dressed carcass, and the 
carcass measurements; (2) the nervous-system grou]), whi(*h includes 
the weight of brain; (3) the (drculation and res])ira.tion grouj), which 
includes weight of blood, jiluck, lungs, and heart, and the measure¬ 
ments of the heart and trachea; (4) the digestion group, which includes 
the weight of liver, ])ancreas, intestines and stomachs, and the intes¬ 
tine measurements; (5) the urogenital group, which includes the 
weight of udder, genital organs, ovaries, and kidneys; (6) the endo¬ 
crine gland group, wliich includes the weight of the thyroid, jrituitarv 
body, spleen, and adrenals; and (7) the visceral fats group, which 
includes the abdominal and thoracic fats. 

The aA^erage of the differences exiiressed in percentage for the items 
in each group and for each breed comparison, was determined first 
with the j)lus and minus signs disregarded, and second with the plus 
and minus signs considered. The averages are given in table 10. 

The organs and parts of the Holsteins and the Aberdeen Angus were 
actually of greater magnitude than those of the Herefords for all 
groups, whereas those of the Aberdeen Angus were smaller than those 
of the Holsteins in the circulation and respiration and the digestion 
groups. However, on the basis of units per 100 pounds of empty 
body weight, which measures the proportion of the different organs 
and parts to the total animal structure, the values were greater for the 
Herefords t han for the Holsteins in all except the endocrine gland and 
visceral fats groups; greater for the Herefords than for the Aberdeen 
Angus in all except the urogenital, the endocrine gland, and the visceral 
fats groups; and greater for the Aberdeen Angus than for the Holsteins 
only in the urogenital and endocrine gland groups. The effect of 
greater fleshing is clearly shown by these results, for as the total 
animal structure becomes greater as a result of heavier fleshing, the 
organs and parts become proportionately smaller. The only group 
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of items which consistently overcame this factor and became greater 
for Holsteins than for Herefords, and greater for Aberdeen Angus than 
for either Herefords or Holsteins was the one which included the 
endocrine glands. 

UDDER CHARACTERISTICS AS JUDGED BY ANTE-MORTEM 

EXAMINATION 

Ante-mortem examinations of the udders of the cows used in this 
study were made in accordance with the general plan adopted by the 
Bureau of Dairy Industry for studying the udders of the animals in 
the breeding herd at Beltsville, Md. As explained in a previous 
publication (tO), evaluation of the different items that cannot be 
definitely measured is accomplished by assigning grades ranging from 
1 to 9.. In each case a grade of 9 indicates the maximum of the charac¬ 
teristic under consideration but does not necessarily signify excellence. 
In some cases a grade is followed by a plus or a minus sign indicating 
that the item rates slightly above or below the grade given. 

The terms used to describe the udder characteristics compared in 
this study are defined as follows: 

Looseness of udder—the extent to which its covering can he stretched. 

Coiiipressihility of \Klder—the degree to which the udder as a whole responds to 
pressure. 

Abundance of swelling—abundance of congestion resulting from injury, infec¬ 
tion, or incidental to parturition. 

Abundance of ‘hnake-up”—abundance of the substance often present in the 
tidder before parturition and remaining in varying degrees and for varying periodh 
thereafter. 

Abundance of gland tissue--cpiantity of gland tissue in the udder, considering 
breed and size of animal, stage of lactation, and other factors. 

Length of halves—the distance between the anterior and posterior attachments 
of the gland tissue. 

Width of halves—the width of each half above the tt‘ats. 

Depth of halves—the distance from the abdominal wall to the lowest <*\tremit\ 
of the gland tissue. 

Nearness to surface—freedom both of deposits of fat around the gland tissue, 
and of congestion incidental to parturition. 

Distinctness of outline—ease with which the outlines and boundaries of the 
gland tissue can be determined. 

Compressibility of gland tissue—the degree to which it responds to pressure. 

Mellowness of gland tissue the degree to which it responds to kneading. 

Abundance of fiber- - the extent to which the gland tissue is corrugated on the 
surface, or composed of ropelike strands of tissue. 

Coarseness of fiber —the size of the corrugations or strands. 

Harshness of fiber— the resistance or harshness of the corrugations or strands. 

Stringiness of fiber—the looseness with which the ropelike strands of fiber ar(‘ 
held together. In a stringy udder the tissue is compressible and sometimes mel¬ 
low; in one which is fibrous but not stringy the tissue usually is firm, full, and 
appears corrugated on the surface. 

Openness of cisterns—the size of the openings between the teat canals and 
the cisterns. 

Free space—the distance above the base of the teat which can readily be 
compressed without marked resistance. 

Udder veins—the abundance of veining on the surface of the udder. 

Abdominal veins—the abundance of veining on the surface of the abdomen 
(milk veinsi. 

Milk wells—the size of the openings in the abdominal wall through which tlie 
'^abdominar* veins pass. 

^ The data representing the different ndder characteristics are 
given in table 11. 
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Table 11. — Udder characieriHiica (ante-mortem) of the animals used in the 

experiment 




Herefords 


Aber¬ 

deen 

An¬ 

gus 

Item 

1 Basis of 1 
evaluation | 

Orouj) 1 (dairy mantMje- | 
nient) | 

Grom* 2 (beef 
management) 

Holsteins 

i 




1 

H-2 

j H-5 

H-^) ! TI-1« 1 H-1 

1 

H-t 

H--17 1 

! No 
. 827 

|„ 

A-300 

Looseness of udder_ 

Grade . 

' 5 


G 

4 

: 4 

4 

5 ! 9 

! « 

8 

Yieldability of udder. 

...do.... 

, 7 

1 7 

7 

7 

i 7 


G i 8 

! » 

7 

Abundau(‘e of swelling.-. 

...do ... 

1 — 


1 

1 

( 1- 

1 

1 ; 1- 

! 1- 


Abundance of “make-up”. 

...do.... 

1 

1 

1 

1- 

1 

1- 

4 I 1 

1 1 - 


Abundance of gland tissue. 

.. do.... 

l-fi 2 

1 

2 

2 

1- 

3 : 3 

1 2- 

5 

I.^ngth of halve-s. 

Inches.. 

i« (10 

; 4 50 

5.50 

8 00 

5 00 

4.00 

9 (M) ; . 

1- 

... . 

Width of halves 


j . 

i 

1 





: 

1 


,\lK)ve front teat. 

. .do. 

1 00 

!l 00 

1 00 

1. 25 

1.25 

1 00 

2 00 1 

1 


Above rear teat. 

...do. 

1 25 

:i 00 

1 00 

1.25 

1.25 

1.00 

2 00 , . 

i ■ 


Average. 

.do. 

-It 13 

1 00 

inc. 



l.OO 

2 00 



l.Vplh of halves .. 

Grade_ 

' 2 

' 4 

2 

4 

2 

1 

3 1_ 



Nearness to surface -. . , 

do.... 

‘ 

7 

G 

5 


4 

4 1 G 

8 

4 

Distinctness of outline . 

do ... . 

’ 

7 

5 

5 


3 

4 , 7 

S 

f, 

C'omi»ressibilil> of gland 

..do .... 


, a 

4 

G 

' 5 

5 

4 . 8 

, h 

4 

1 issue 








1 



Mellow'uess of gland tissue 

-do. .. . 

5 

1 « 

4 

G 

.<■, 

5 

4 ' H 

1 7 

4 

Abundniu'e of fiber 

do .. 

0 

f> 

5 

", 

7 

5 

5 t> 

G 

4 

Coarseness of fiber.. 

(io- . 

5 

f) 

5 


G 

5 

5 4 

1 ,*> 

G 

Harshness of fiber. . 

tlu. 

() 

0 

5 

4 

G 

G 

5 5 

!} 


Stnnginess of fiber.... 

do ... 

4 

. 


4 

4 

5 

4 4 

1 

5 

Olienness of cisterns 











Iveft front quarter ... 

do. . . 

1 

i 

1 

1 


1 I 

2 

' 3 I 


Bight front quarter... 

do 

1 

1 

1 

1 

5 

1 

' 2 ] 

3 


I^eft rear quarter .. , 

do. 

3 

1 

1 

2 

1 

1 

G 1. 

•*1 1 


Bight rear quarter ... | 

. do. . 


J 



2 

1 1 

■ 

5~, 


Average. 

. do... 

1 75 

1 (K) ;i 2*. 

1 :*() 

3 25 

1 00 ! 

4.25 ' 

j 4 00 ’ 


1* r<‘e space 











Left front <iuiirter .... 

Inches. 

, ,3 25 

3 50 

3 50 

4 25 

3 75 

3 25 ! 

3 50 14 50 

U 75 

3 25 

Bight front quarter, . 

. .do_ 

,3 50 

3. 50 

3 '.() 

4 25 

3 75 

3.25 ’ 

3 50 4 50 

'4 75 I 

3 (K) 

Jvi'ft rear <uiarter. 

-.-do.- . 

'3 25 

'3 50 

3 25 4 50 

3 75 ' 

3 25 ' 

3 50 l4 25 

'4 75 ; 

.5 (10 

Bight rear quarter. . . 

..do .. 

3 (K) 

,3 50 

3 25 

4. 25 

i 25 , 

3 25 j 

3 50 4 50 

|4 75 i 

5 (K) 

Average. 

<lo. 

3 25 

3 .50 

3 3h ;4 31 

3 NS 

3 25 13 50 4 44 

i4 75 1 

4 Ofi 

I’dder veins 









' ' i 


Bight.. 

Grade_ 

1 

1 : 

I 

2 

1 

2 

2 5 

3 

)- 

Left. 

. .do. 

1 

1 1 

1 

2 

1 

2 

2 4 

2 

1 - 

\hdoininal veins 











Bight.. . 

. do. 

1 

2 ' 

2 

3 

3 

3 I 

4 (i 

5 


liCft . . ' 

. <lo. 

.i 3 

\i < 

1 

2 

3 

3 , 

{ 7 

7 — 

1 - 

Milk w’ells* 











Bight. 1 

.. do - . 

1 

2 

1 

2 

2 

1 

2 7 

1 3- 

1 

Left. 

. do . 

2 

3 ; 

1- 

- 

I 

I 

2 7 

3 

(< 


Tho estimates on the various udder eharacteristies, as ^iven in 
table 11, were made on all the animals while they were dr\' and shortly 
before they were slaughtered. The length of time the individual 
animals had been dry varied greatly. 

In the estimates of those mlder characteristics that are associated 
with ^^quality of udder” (i. e., looseness of udder, yieldability of udder, 
compressibility of gland tissue, mellowness of gland tissue, stringiness 
of fiber, and free space), there was no great diflerence between the two 
groups of Herefords. The two Holstein cows averaged considerably 
higher tlian the Herefords for most of these items, although for some 
items individual Herefords were graded as higli as the Holsteins. The 
Aberdeen Angus cow was close to the average of the Herefords for 
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most of these items. For looseness of udder and stringiness of fiber, 
however, she was given a higher rating than the Holsteins. 

In those characteristics that might be termed antagonistic to qiiality 
of udder (such as abundance, coarseness, and harshness of fiber) 
there was no great difference on the average between the grades for 
tlie two groups of Herefords, the Ilolsteins, and the Aberdeen Angus. 

The greatest and most consistent differences between the Holsteins 
and the Herefords and the Aberdeen Angus were in the abdominal 
veins, milk wells, and udder veins, for which the Ilolsteins were 
definitely superior. This may bo to some extent indicative of the 
greater blood flow from the udder. 

Although the grades for (piality of udder are shown to be greater 
for the Holsteins than for the Herefords or the Aberdeen Angus, the 
differences do not approach the great difference in producing capacity 
that actually existed between the Holsteins and the Herefords, and 
that presumably also existed between the Holsteins and the Aberdeen 
Angus. 

POST-MORTEM STUDIES OF THE UDDER 

SIZE AND CAPACITY 

The method of studying the udder after its amputation was de¬ 
scribed in considerable detail in a previous publi(‘ation (/O). vSize of 
udder refers to its empty weight. Capacity of udder is the (uiantity 
of formalin held by the secretory system of the udder ex])ressed in 
‘ terms of eciuivalent weight of milk. The relation of capacity to weight 
of udder, expressed as a percentage, is obtained by dividing the 
capacity by the empty weight and multiplying the result by 100. 
It is a measure of the fluid-holding capacity of the secretory system 
per unit of udder weight. Data for si/e, capacity, and relation of 
capacity to weight, for the Iferefords, the Holsteins, and the Aberdeen 
Angus are given in table 12. 

In empty weight of udder the two groups of Herefords differed but 
slightly, group 2 being onh^ 2.30 percent greater than group 1; the 
Holsteins averaged 100.16 percent greater than the Herefords; the 
Aberdeen Angus was 336.08 percent greater than the Herefords and 
67.62 percent greater than the Holsteins. 

In capacity of udder the Herefords in group 2 averaged 53.32 percent 
greater than those in group 1; the Holsteins a veraged 520.33 percent 
greater than all the Herefords; and 359.78 percent greater than the 
Aberdeen Angus; the Aberdeen Angus averaged 34.92 percent greater 
than the Herefords. 

For the values representing the relation of capacity to weight of 
udder, the Herefords in group 2 averaged 74.86 percent higher than 
those in group 1; the Holsteins average 130.12 percent higher than the 
Herefords; the Aberdeen Angus was 69.96 percent lower than the 
Herefords, and 86.95 percent lower than the Holsteins. 

It has been found (4, Rept. 19S2, p, 7) that the capacity of lactating 
udders is considerably greater than that of nonlactating udders. All 
the cows in this study were nonlactating, but the period of time since 
being dried off varied to some extent. It is not at all unlikely that the 
prolonged inactivity of the Aberdeen Angus may have resulted in a 
greater depo.sition of fat around the gland, which would reduce the 
value for relation of capacity to weight of udder even though the 
capacity itself might not have been greatly affected. It might appear 
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PLATE 1 



Vertical transverse sections through rear quarter of each of the 10 udders studied, reduced to same scale to show comparative sire. In some a large proportion of the area 

consists of body fat rather than glandular tissue. 





Udder Characteristic* of Cows 


PLATE 2 



Vertical transverse section througb a rear quarter of the udder of II-2. 






Udder Characteristics of Cows 


Plate 3 



Photomicrographs of tissue from the udder of H-2. 




Udder Characteristics of Cows 


Plate 4 



Vertical transverse section through a rear quarter of the udder of H-A. 





Udder CharacterikticK of Cowi 


Pl-ATE 5 



Photomiprotrraphs of tissue from the udder of H~5. 


Udder Characterutic* of Cows 


PLATE 6 



V^ertical transverse section through a rear quarter of the udder of H-«. 




Udder Characteristics of Cows 


Plate 7 



Photomicrograph of tissue from the udder of H-6. 





Vertical transverse 8ecti<m of a rear quarter of the udder of H-lfi. 







Udder Characteristics of Cows 


Plate 



Photomicrographs of tissue from the udder of 



Udder CharacterUtict of Cows 


Plate 10 



Vertical transverse section through a rear quarter of the udder of H-1. 







Udder Characteristics of Cows 


Plate ii 



Pbotomlcrographs of tissue from the udder of II-l- ^1, Functioning tissue from the uppjer portion of the 
front quarter; Ji, nonfunctionins tiasue from the lower portion of the rear quarter. 





Udder Characteristics of Cows 


Plate 12 



Vertical transverse section through a rear quarter of the udder of H-4. 





Udder Characteristics of Cows 


Plate 13 



PhotoniicroRraph of tissue from the udder of n-4. 



Udder Characteristica of Cows 


PLATE 14 



Vertical transverse section through a rear quarter of the udder of H-17. 




Udder Charectenstics of Cow» 


Plate 15 



Photomicrograph of tissue from the udder of U~17. 


Udder Characteristics of Cows 


Plate 16 



Vertical transverse section through a rear quarter ot the udder of Holstein cow no. 290. 





Udder Charactcrietics of Cow» 


PLATE 17 



Photomlcrograpb of tiiisuo from the udder of Holstein oow no. 299. 



Udder Characteristics of Cows 


Plate 18 



Vertical transverse section through a rear quarter of the udder of Holstein cow no. 827 . 




udder Char«cterMtic» of Cowi 


PLATE 19 



Photomicrograph of tfssuelfrom the udder of Holstein cow no. 827. 





Udder Cheracterutics of Cowa 


PLATE 20 



v«rtioa1 transverse section through a rear quarter of the odder of Aberdeen Angus oow A~a00. 




Udder Charactertstica of Cows 



Photomierograph of tissue from tbe udder of Aberdeen Angus oow A-^. 
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at first that the comparatively high value for relation of capacity to 
weight of udder in the case of H -1 was to some extent the result of 
having nursed a calf until a short time before she was slaughtered. 
However, among the other Ilerefords the duration of the dry period 
did not differ greatly, and was nearly the same for H-5, H”16, and 
H“~l, yet the capacity and relation of capacity to weight of udder for 
these three animals differed greatly. The dry periods of the Holsteins 
also varied from 22 days to more than 7 months, but their ratios of 
capacity to weight of udder were similar. Apparently variations in 
the duration of gland inactivity are at least only partly responsible for 
the differences in udder capacity or for the relation of capacity to 
weight of udder shown in this study, unless it be in the case of the 
Aberdeen Angus. 

The fluid-holding capacity of the udder per unit of weight is con¬ 
sistently low' for the beef cows studied, imlicating that these udders 
contain a low- quantity of secreting tissue in proportion to fat or 
connective tissue. 

The number of animals is not sufficiently large to warrant the cal¬ 
culation of correlation coefficients but there appears to be a higli posi¬ 
tive relationship between empty w^eight, capacity, and ratio of capacity 
to weight of udder and milk production, except where the differences 
in production are so small as to be of no importance. In other w ords, 
there is a high positive correlation if the Holsteins, the highest })ro- 
ducing Hereford, and the three lowest producing Herefords are con- 
‘sidered as separate groups, but little if any correlation among the 
three lowest producing individual Herefords. 

In view of the fact that the Holsteins produced 2,461 percent more 
milk and 1,681 percent more butterfat than the Herefords in group 1, 
the 163 percent greater empty weight of the Holstein udders, the 6()1 
percent greater capacity of their udders, and the 204 percent greater 
capacity to weight ratio of their udders seem relatively small differ¬ 
ences. These differences in udder size and capacity, however, were 
much more significant of the difference in producing capacity betw ecu 
the breeds than any of the udder characteristics studied on the live 
animals. This is in accordance with the results obtained in the study 
(JO) of quality, size, capacity, gross anatomy, and liistology of cow 
udders in relation to milk production in 11 registered and grade cows of 
dairy breeds, which showed that the only significant correlations 
between udder characteristics and producing capacity were for size and 
capacity of udder. 

GROSS ANATOMY 

The method of preparing and sectioning udders in making a com¬ 
parative study of their gross anatomy was described in a previous 
publication (4, Rept. 1929, p, 8). In each case the right half of the 
udder was used in measuring capacity, and subsequently frozen, 
sectioned, and photographed. The left half was used for histological 
studies. The comparative size of the 10 udders used in this study is 
illustrated in plate 1, w hich shows a vertical transverse section through 
a rear quarter of each udder, all reduced to the same scale. Plates 
2,4, 6,8,10,12,14,16,18, and 20 show in greater detail the appearance 
of the gi'oss anatomy of a vertical transverse section through a rear 
quarter, for the seven Herefords, the two Holsteins, and the Aberdeen 
Angus. A brief description of the gross anatomy is given under a 
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general discussion of the performance and udder characteristics of 
ea(‘h cow* 

HISTOLOGY 6 

The comparative histology of the tissues from the udders of the 
cows was studied according to the method described in a previous 
publication {10), The results obtained are reported as a part of the 
general discussion of the performance and udder characteristics of the 
individual cows. The histological appearance of the tissue from 
each udder is shown in plates 3, 5, 7, 9, 11, 13, 15, 17, 19, and 21. 

UDDER CHARACTERISTICS AND PERFORMANCE OF EACH COW 

HEREFORD COW H-2 

Hereford cow H-2 was kept in the dairy herd and milked twice 
daily through one lactation j)erio(l. Her total production for the 
entire lactation period of 153 days was only 126.00 pounds of milk 
and 6.52 pounds of buttorfat. She had been dry for 3 months 12 
days and pregnant for 157 days when slaughtered. The fetus weighed 
3,561 grams (7.85 pounds). Ante-mortem examination showed 
that her udder, though extremely retarded in development and lacking 
in gland tissue, was of fair quality, and was more than medium in 
abundance of fiber; the openings from the teat canal to the cisterns 
were on the average very small and the free space was comparatively 
low. The udder was relatively low in weight, next to the lowest in 
capacity, and next to the lowest in relation of capacity to weight of 
udder. 

Cross anaforny (pi. 2).---The gland tissue was very scanty, and 
limited to only a small proportion of the area of the sections. The 
sections through or close to the teats appeared to contain about one- 
third gland tissue ; those near the front and rear of the. udder contained 
little or none. The grc^ater part of evc'.ry section consisted of what 
ajipeared to be fat. The gland tissue was comparatively open in 
structure with a small but well circumscribed cistern. The openings 
to the cisterns were comparatively small. The ducts were well 
distributed and of medium size. Very little visible connective tissue 
was observed. The gland tissue was of medium firmness and tlie fat 
was very firm. 

Ilistoioijj /.—Because of the extremely fatty condition of this udder, 
sections for histological study could be obtained only from areas in 
the lower portions of the front and rear quarters. This gland was 
found to be in the complete resting state with the exception of a few 
lobides here and there which sliowed some activity. This udder 
showed a rather heavy fibrous framework, and interlobular fat de¬ 
posits were noted in the different areas examined. The areas illus¬ 
trated in plate 3 were taken from a point near the base of the left rear 
quarter. 

General ,—There is no record of this cow having had any udder 
disturbance requiriixg treatment. The ante-mortem observations 
relativ^e to abundance of fiber or connective tissue are supported by 
the histological findings, though the connective tissue is not readily 
visible in the gross sections. Liberal production could not be ex¬ 
pected from an udder having the limited (quantity of gland tissue 
indicated by the section illustrated. 

« The histological studies were made by O. T. Creech, Pathological Division, Bureau of Animal Industry, 
U. S Dei>artment of Agriculture. 
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HEREFORD COW H-f) 

Hereford cow H~5 was kept in tlic dairy herd and milked twice 
daily throiif 2 ^ 1 i a lactation i)eriod which continued for 202 days and 
yielded a total of 255.4 pounds of milk and i).86 pounds of butterfat. 
She had been dry for 1 month 9 days and pref^nant for 73 days when 
slauj^htered. The fetus weighed 46 grams. Her udder was above the 
average in quality, yet extremely retarded in development and 
deficient in quantity of gland tissue. Ante-mortem examinatio?! 
indicated more than an average quantity of fiber, extremely small 
openings to the cisterns, and comparatively low free space. This 
udder was third from the lowest in empty weight and in capacity, ami 
fourth from the lowest in relation of capacity to weight. 

Gfvss anatomy (pi. 4).— Though the udder was very small, it con¬ 
sisted almost entirely of gland tissue with only small areas of fat in 
any of the sections except those at the extreme rear. In the rear 
quarter, especially in the lower half, the tissue was distinctly porous, 
and the cistern was of good size and somewhat divided. In the front 
quarter the cistern was not distinctly circumscribed but consisted of a 
honeycomb mass of ducts covering a relatively large part of the area 
above the teat. The opening between the teat and the cistern was of 
good size in the rear quarter and even larger in the front quarter. The 
amount of visible connective tissue was not great and it was compara¬ 
tively finely divided. Both the gland tissue and the fat were firm at 
4he time the sections were photographed. 

Histology^ --The histological examination showed this udder to be 
in the resting state. Sections were obtained from only three locations. 
Areas of round cell infiltration w^ere notcHl in this gland, and in certain 
areas there appeared to be some increase in the interlobular and intra¬ 
lobular connective tissue. Large areas of fat as well as smaller inter¬ 
lobular fat deposits were observed in this udder. The areas illustrated 
in plate 5 were taken from a point in the upper portion of tlu' left reai* 
quarter. 

General.-~Y\\GTe is no record of this cow having had any udder 
disturbances requiring treatment. The ante-mortem o[)servation-; 
indicated a greater (quantity of fiber than was observed in the gross 
anatomy sections. Though excessive fat deposition was not indicated 
by ante-mortem examination or by the gross sections the histological 
studies indicated that considerable cleposition had taken ])lace. 
Though the proportion of gland tissue to fat was high, the quantity of 
gland tissue was so small that liberal production of milk could hardly 
have been possible. 

HEREFORD COW H-6 

Hereford cow^ H 6 was ke])t in the dairy herd and milked twice 
daily through a lactation period which, with much difliculty, w^as kept 
active for 159 days, and wiiich resulted in a total yield of only 80.6 
pounds of milk and 3.73 pounds of butterfat—an average daily milk 
production of 0.51 pound. This is the poorest production for any 
cow in this group. She had been dry for 3 months 14 days and 
pregnant for 91 days wiien slaughtered. The fetus w^eighed 192 grams. 
The udder was one of the lowest in quality in this group. It was 
extremely retarded in development, and very deficient in (luantitv of 
gland tissue. The fiber w^as of average abundance, the openings to 
cisterns wrere very small, and the free space was comparatively low'^ 
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The udder was fourth from the lowest in empty weight and in eapaenty, 
an(l fifth from the lowest in relation of capacity to weifi^ht. 

Cross anatomy (pi. 6).—The gland tissue in this udder could not 
readily be distinguishecl from the fat. There was a layer of firm fat 
across the upper surface, but the rest was soft and lacking in outline 
pattern and color (liflerentiation. Jncompleto free ing of the udder 
when sectioned may liave resulted in a tendency for the saw to tear 
the tissue, leaving the surface rough, but it could not have been en¬ 
tirely responsible for the lack of difrerentiation in color in the gross 
sections of this udder. Apparently the gland tissue was limited in 
quantity and interspersed with fat. The cisterns in both front and 
rear quarters were small, round, and tubular, and little more than 
continuations of the teat canal, though the cistern in the rear quarter 
was somewhat divided at its iq)per extremity. The openings from 
tlie teat canal to the cistern in both front and rear (juarters were much 
larger than the ante-mortem grades would indicate. Aside from a 
small area in the immediate vicinity of the cisterns, the tissue was 
dense and almost devoid of visible ducts. An unusally large (piantity 
of visible connective tissue was present, although only an average 
(piantity was indicated by the ante-mortem examination. 

Histology .—This udder was small and very fat; eoriseciuently sec¬ 
tions were obtained only from areas in the lower part of the front and 
rear (luarters. This gland was in the resting state and showed little 
deviation from the normal, other than the large amount of fat wliich 
ap])eared, not only as interlobular deposits, but as rather large areas 
of fat here and there, in places ordinarily occupied by normal gland 
tissue. The area illustrated in ])late 7 was taken from near the center 
of tlie left front (tuarter. 

(li‘h(raJ. Iloth the gross anatomical and histological studies indi¬ 
cate a marked lack of secretcuy tissue and an exce*ss of fat, though the 
fatty condition was not noted at the time of ante-mortem examination. 
As shown in table 4, this cow was milke<l until she was producing an 
average of only 0.17 pound of milk daily. The average production 
for tlu‘ first 10 days in milk was only 1.114 pounds, and the highest for 
any one day in the lactation perhal was only 2.4 pounds. Again it 
appears that failure to function was due to extreme d(‘fi.ciency in 
'-(‘cretory tissue in the udder. 

irEKEFORD cow H H> 

Hereford cow H 10 was kept in the dairy herd and milked twice 
daily tlirough a lactatioTi period wliich continued for 329 days and 
yielded 1,707.8 pounds of milk and 90.52 pounds of butterfat. Her 
])r()duction and persistency were far superior to those of any of the 
other Herefords for which production records were obtained. She 
had been dry for 20 days and ])regnant for 223 days when slaughtered. 
The fetus weighed 17,404 grams (38,5 pounds). Ante-mortem exami¬ 
nation showed that her udder was near the average for the group in 
(liiality, the fiber was of medium abundance, the openings to the cis¬ 
terns were very small, and the free space was high. Though this 
udder was small and very deficient in gland tissue when compared 
with those of dairy cows, it exceeded in dimensions that of any otlier 
Hereford in the dairy herd. The empty W'eight of udder was liigher 
than that of the other Herefords luiving production records, but ranked 
fiftli from the liighest in the entire group of cows compared in tliis 
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study. The udder was fourth from the higliest in the entire group in 
cai)acity, and in relation of capacity to weight of udder. 

Gross anatomy (pi. 8).— Though the quantity of gland tissue w^as 
gi’eater than that of any of the other Herefords in the dairy herd, it 
occupied only about one-half to two-thirds of the area of se(‘tions 
through the teats and very little or none in sections from other parts 
of the U(Wer. The outline of the gland tissue, liowTver, w^as distinct 
and readily distinguishable from the areas of fat above and around it. 
The cistern in tlui rear quarter was small, divided, and appeared to be 
a continuation of the teat canal; the one in the front quarter was 
similar except that it was more tubular and less divideil. Tl\e tissue 
was fairly firm and inclined to be dense except in areas close to the 
cistenis. The sections contained comparatively large quantities of 
visible connective tissue which was uniformly distributed, although 
the ante-mortem examination indicated only an average quantity of 
fiber. The areas of fat WTre of moderate finnness. The o[)enings 
from the teat canals to the cisterns were considerably larger than the 
ante-mortem grades would indicate, and the cisterns wvre smaller 
than the grades for free space wmuld suggest. 

Histology, —This wiis a small, fatty udder. Owing to the large 
amount of fat present it was possible to section only an area from the 
low'er portion of the rear quarter for histological kudy. The gland 
w^as found to be in the resting state. There was a limited amount of 
round cell and leucocytic infiltration. The areas sectioned and illus¬ 
trated in plate 9 show^ed a considerable amount of fat, both inter¬ 
lobular and in areas ordinarily occupied by gland lobules, and w tu’e 
taken from a point near the base of the left rear (piarter. 

General .—This cow' W’^as somew hat older, larger, and better developed 
than the others alpady discussed. Although her udder w^as described 
as small and deficient in gland tissue, its development and its capacity 
for production w'ere su])erior to those of the other thn'e Herefords 
kept in the dairy herd. 

HEREFORD COW H-1 

Hereford cow H-l w'as kept in the beef herd and allowed to nurse 
her calf from December 14, 1928, until late in May 1929. She was 
not pregnant when slaughtered. Though the udder was very small 
and very deficient in glandular development it w^as al)out medium 
in quality. According to ante-mortem observations the fiber was 
abundant, and above medium in coarseness and harshness; the open¬ 
ings from teat canal to cisterns wwe variable, being graded as meciium 
in the right front and very small in the right rear quarter; and the free 
space was about average. In empty w^eight this udder was the small¬ 
est in the entire group, in capacity it was fifth from the highest, and 
in relation of capacity to w'eight of udder it w^as higher than for any 
other COW" in any of the breeds compared in this study. 

Gross anatomy (pi. 10).—Though the udder was the smallest in the 
group it was made up almost entirely of gland tissue. There weie 
practically no visible areas of fat in anv of the sections except those 
at the extreme rear of the udder. This is in agreement with the high 
grade for ^‘nearness to surface^’ (table 11). The udder was not com¬ 
pletely frozen when sectioned, but the cuts w^n-e fairly clean and the 
surfaces of the sections were smooth. In the front quarter the cistern 
was of medium size, definitely circumscribed, and the opening into it 
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from the teat canal was large. In the rear quarter the cistern was 
very small, somewhat divided, and the opening into it was much small¬ 
er tlian in the front (juarter. The size of openings into cisterns corre¬ 
sponds rather well with the grades assigned on ante-mortem examina¬ 
tion, though the grades for free space do not appear to be related close¬ 
ly to the size of the cisterns. Only a moderate amount of connective 
tissue was visible in the gross sections although the ante-mortem 
examination indicated an abundance of fiber. Tlie tissue was com¬ 
paratively dense, the ducts being limited almost entirely to areas 
close to the cisterns and to the lower half of each section. The tissue 
was described as a trifle soft but more like the secretory tissue of a 
dairy cow than that of any of the other Herefords. 

Histology .—One of the sections, from the lower portion of the rear 
quarter (pi, 11, B), showed this particular area of the gland to be in a 
complete resting state. Sections from other areas (pi. 11, yl) showed 
evidence of considerable glandular activity. Many of the alveoli 
were filled with free cells containing fat droplets, giving the various 
lobules as a whole a peculiar fatty appearance in some sections. In¬ 
terlobular fat deposits were seen in some of the sections. 

General —The gross sections consisted almost entirely of gland 
tissue, althougli the actual quantity was very small. The shortness 
of the dry period pre(*eding slaughter may have been partly responsible 
for the close resemblance of tlie tissue in this udder to that of a dairy 
cow. Moieover, this cow was in a poor condition of flesh, which may 
have affected the amount of deposition of fat in the udder. 

HEREFORD TOW H 4 

Hereford cow 11-4 was kept in the beef herd. wShe aborted Decem¬ 
ber 20, 102<S; and information is not available as to whether she was 
nursed bv the calves of other cows, or the possible effect of such nurs¬ 
ing on the length of the lactation period and the condition of the 
mammary gland. She was pregnant when slaughtered, but the date 
of breeding was not known. The fetus weighed 23() grams. The 
udder a])peared on ante-mortem examination to be the smallest in the 
entire grou]), and its empty w eight w as within 0.05 pound of the lowest 
recorded. The glandular development was extremely deficient, the 
quantity and proportions closely approximating those of a 6-month- 
ohl Holstein calf. The udder (piality was far below’ the average for 
the grou]) of udders compared in this study. The fiber was of medium 
abundance and coarseness. The openings from the teat canals to 
cisterns appeared on ante-mortem examination to be extremely small 
and the free space w as one of the two lowest in tlie group. This udder 
was not only next to the lowest in empty weight, ])ut it was the lowest 
of all in capacity, and third from the lowest in relation of caj)acitj^ 
to weight. 

Gross anatomy (pi. 12).—Not only was the udder extremely small, 
but it contained a comparatively large proportion of fat, thereby 
supporting the grade assigned for '^nearness to surface^’ (table 11). 
The gland tissue did not occuipy more than tw’o-thinls of the area of 
any section, and in most sections it did not oc'cupy more than one-half 
of the area. In the rear qiiarter the cistern was verv small and the 
opening from the teat canal was extremely small. In the front quar¬ 
ter also the cistern was very small, but the opening from the teat 
canal was very slightly larger than in the rear. These findings are 
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generallv in acconl A\'ith ante-iuortem observations on size of openings 
and amount of free sj)a(*e. The gland tissue was not dolinitc in outline 
and not easily distinguishable from the fat. Exeept for a small area 
close to the cistern the ducts were small and very few in number. It 
appeared that a fairly largo quantity of connective tissue was present 
in this udder and that the gland tissue was interspersed with fat. 
The gland tissue was inclined to be soft, but the surrounding fatty 
areas were very firm. 

Histology ,—This udder was very small and extremely fat, and sec¬ 
tions couhl be obtained only from areas near the center of the front 

S iarters and the lower part of the rear quarter. This gland was in 
e resting state and show^ed little eviden(‘e of functional activity. 
The outstanding histological finding in this udder was the excessive 
amount of fat present and internuxed with the glandular tissue. 
There were not only extensive interlobular fat deposits, but in places 
there were areas the size of several lobules occupied by fat, instead of 
the normal gland tissue. The area illustrated in plate 18 was taken 
from near the center of the left front quarter. 

General ,—Tliis udder probably had the least grandular develop¬ 
ment of any compared in this study, though in some respects that of 
H-2 was not greatly different. The gross anatomical fimlings support 
the ante-mortem observations unusually well for abundance of gland 
tissue and its closeness to the surface, abundance of fiber, and siz(^ 
of cistern openings. Uncertainty as to the duration of lactation and 
the possible effect of abortion on mammary activity and develojmient 
make conclusions difficult. It a])pears, however, that this cow’ did 
not possess the necessary development for liberal lactation. 

HEREFORD COW H-17 

Hereford cow 11-17 w as kept in the beef herd following an abortion 
on June 12, 1928. As in the case of H~1, information is lacking as to 
her lactating capacity and as to whether she was nursed l)y tlu‘ calves 
of other cows. Moreover she was in advanced ])iegnancy (271 days) 
when slaughtered and her udder was “making up'’ and tlierefore not 
comparable to the others in regard to many characteristics. Tlie 
fetus weighed 27,448 grams ((i0.5 pounds). Though small and de¬ 
ficient in gland tissue in comparison with that of a dairy cow^, ihv udder 
appeared to be superior to that of any of the other Herefords at the 
time the ante-mortem observations were made. In quality, how'Cver, 
it was well below' the average for the group of (*ows compared. The 
fiber wras of medium abundance, coarseness, and harshness. The open¬ 
ings from the teat canals to the cisterns appeared oxi ante-mortem 
examination to be larger oji an average than for any other cow^ in the 
grou}), the right front one being very small but the right rear one larg('. 
The amount of free space aiipeared to be slightly below^ medium. 
In empty w^eight the udder ranked fourth from the highest, in capacity 
it w^as third from the highest, and in relation of capacity to wn'ight 
it was fifth from the highest. 

Gross anatomy (pi. 14).—Though this udder was of fairly good size, a 
large proportion of tlie area of the sections consisted of fat. In tlie 
sections carrying the teats only about 50 to 60 percent of the total 
area consisted of gland tissue; in the sections near the front and rear 
of the udder there was little or no gland tissue. The outline of the 
gland tissue was fairly distinct, though in many sections there was an 
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area surrounding it which seeineci to contain a largo proportion of (*on- 
noctive tissue and to bo intormodiato between the gland tissue and the 
fat. The udder was not well frozen when sectioned, but the surfaces 
of the sections were fairly smooth. In the rear quarter the cistern 
was of moderate size but the front cistern was large. Both cisterns 
were divided. Though the ante-mortem examination indicated a 
rather marked difference between the front and rear quarters in size of 
oyiening from teat canal to cistern, tlie gross sections showed that both 
were comparatively large. The tissue was of more than average 
opemness, especially in the vicinity of the cisterns. A medium (pian- 
tity of connective tissue was visible in the sections though it was 
rather indistin<*t in outline. The tissue itself was described as mushy 
but the areas of fat w^ere of medium iirmness. 

Histology .—This udder showed glandular activity in all the areas 
examined, wdth indications here and there of the gland being partly 
in the resting state. A few" small areas of round cell intiltration were 
noted, but for the most part this gland was normal in appearance. 
The fibrous connective tissue of tliis udder had the app('arance of 
being of a soft or loose texture. The area illustrated in plate 15 w’as 
taken from the upper portion of the left front quarter. 

GcneraK —The ante-mortem observations are usually well supported 
by th(‘. gross-anatomical findings for most of the items compared. 
The (piantity of gland tissue ayipeared to be nearly the same as for 
II-IC), the Ihu’eford kept in the dairy herd, w hich closely approximated 
11 17 in age and in size. It would appear that the advanced stage of 
gestation was largely resyxmsible for the indicuitions of activity re¬ 
ported in the lustologicud study, and to .some extent for the size of the 
udder and tlie (juantity of gland tissue ])resent. 

HOLSTEIN COW*^ NO. 299 

(Vnv 290, a regisbued Holstein, w as bred and raised in tlx' Bm*eau's 
dairy lu'rd at Beltsville, Md. Her production re(*ord made on three 
milkings daily at 3 years 8 months of age w as 14,295 jiounds of milk 
and 408 pounds of butterfat. She had been dry for 22 days at the 
time of slaughter, and was not pregnant. She was slaughtered be¬ 
cause of a relaxed condition of tlie saiToiliai* joint. Ante-mortem 
measurenuuits in legions of the body likely to be affected by this con¬ 
dition were taken on the uninjured side. Though some of the canuiss 
measurements may have lieen slighth" affected, the resulting error is 
believed to be of little importance. On ante-mortem examination 
the (piantity of mammary-gland tissue appeared to be small. The 
(piality was very liigh (the highest in the entire group compared in 
this study) and the udder covering was extremely loose. The fiber 
was comparatively abundant, rather finely divided, and of medium 
liar.slmess, and the free sjiace was next to the higliest in the entire 
grou]). Grades were not assigned to tlie size of the openings into the 
cisterns. ^ Thougli not a large udder, its empty weight w as next to the 
liighest, its capacity was the highest, and its redation of capacity to 
wxnght w'as next to the liighest in the entire group of udders com¬ 
pared. 

Gross amitomy (pi. 16).—Although the udder was slightly thawed 
on the surface, the saw cuts were fairly smooth. Aside from a very 
small area at the extreme top, practically the entire surface of eacli 
section consisted of gland tissue. The rear cistern was very small 
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and the front one was almost lacking. There seems to be no relation 
between size of cistern and amount of free space in this udder. The 
cisterns were smaller than the teat canals. The tissue was of medium 
density, inclined to be wet but had a fairly good body, and con¬ 
tained a large proportion of clearly visible connective tissue of medium 
coarseness. The openings into the cisterns were of medium size. 

Ilistologif.— This was considered a nonactive or dry udder, and with 
the exception of a number of scattered lobules the histological ex¬ 
amination showed the gland to be largely in the resting state. Round 
cell infiltration was noted in all of the sections and a limited number 
of the alveoli contained pus cells. A number of milk concretions 
were seen in some of the sections. The area illustrated in plate 17 
was taken from the lower part of the left front quarter. 

General- The records show that at one time there had been 
inflammation in the right rear quarter, but the udder appeared to 
be sound when examined before slaughter. Post-mortem e^xarnina- 
tion failed to sliow any indications that this inflammation had been 
present. The abundance of tissue was rated as low on ante-mortem 
examination but appeared to be fairly abundant in the gross sections. 
Judgment as to abundance of fiber and presence of fat in the udder 
before death is rather well supported by gross anatomical lindings. 

HOLSTEIN cow NO. 827 

. Cow 827, a registered Holstein, was bred and raised in the dairy 
herd at the Beltsville Experiment Station. Her production record 
made on three milkings daily at 2 years 7 months of age was 
14,257 pounds of milk and 522 pounds of butterfat. She had been 
dry for 7 months 12 days at the time of slaughter, and was not preg¬ 
nant. On ante-mortem examination the udder showed only a very 
small quantity of gland tissue, indicating a high degree of involution 
since the udder went dry. In quality this udder ranked second from 
the highest in the group compared in this study. The liber appeared 
to be above medium in abundance, ami medium in coarseness. The 
openings from teat canals to cisterns appeared to be small in front 
and medium in the rear. The free space was the highest in the 
entire group, though there were no indications of large cisterns. 
Though this udder was small in size, its empty weight was third, its 
capacity was second, and its relation of capacity to weiglit was 
third from the highest in the entire group of udders (compared. 

Gross anatomy (see pi. 18).—A considerable quantity of fat was 
present in all sections. In the sections carrying the front and rear 
teats and in other sections through the middle part of the udder 
there were fairly large areas of fat near the top, and a strip along the 
peripheiy—under the skin—which ap])arently consisted chiefly of a 
loosely fonned fibrous structure, giving the appearance of the skin 
breaking away from the gland tissue. This suggests the possibility 
that a pocket of formalin may have been formed in this area at the 
time of filling, and that the capacity of the udder as recorded may be 
a trifle high. It is worthy of note, however, that the histological 
study showed large replacements of gland tissue with fat near the 
periplieiy. There was no distinctly circumscribed cistern in either 
the front or rear quarter, though numerous medium-sized ducts were 
present in the area usually occupied by the cistern. The cisterns 
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were small in total volume and very much divided. The opening 
from teat canal to cistern was about average in the rear quarter and 
slightly larger in the front quarter; and both openings were larger 
in diameter than the cisterns themselves. The tissue was low in 
porosity, about average in firmness, wet, and the visible connective 
tissue was abundant. The tissue appeared to be found in all parts. 

Histology .—This was a small, nonlactating udder, with considerable 
fat. Histologically the general structure of the udder showed little 
deviation from the normal. The glandular portion was found to be 
in the resting state. Practically all the lobules showed the deposi¬ 
tion of fat to a greater or less extent, and some of the lobules, toward 
the periphery of the organ, were largely replaced by fat. The udder 
showed a rather heavy fibrous structure throughout, with wide bands 
of fibrous tissue separating many of the lobules. The area illustrated 
in plate 19 was taken from the upper portion of the left rear quarter. 

General. —Th(‘re is no record of this cow having had any udder 
disturbance requiring treatment. Ante-mortem judgment as to 
abundance of fiber is well supported by both gross anatomical and 
histological findings. The free space did not Ix^ar a close relation to 
size of cisterns, but the size of cisterns was found to be much as 
described on ante-mortem examination. The ante-mortem observa¬ 
tions would indicate a smaller (juantity of fat than was found in both 
the gross and histological sections. 

ABEHDKEN ANGUS COW A-30(> 

Cow A-‘100, a registered Aberdeen Angus had been a persistent 
breeder and a consistent winner in the show^ ring for a number of 
years, but nothing is known of her milk-producing ability. She had 
been nonlactating for about 25 months wdien slaughtered, and was 
not pregnant. Ante-mortem examination of the udder indicated a 
cpiality close to the medium, a very loose covering, a medium quantity 
of gland tissue, a comparatively small cjuantity of rather coarse fiber, 
and slightly more than average free space. The udder was described 
as fatty, (irades were not assigned to in<li(*ate the size of openings 
between the teat canals and the cisterns. Though only medium in 
size it was the highest in the entire grou]) in empty w eight; sixth from 
the highest in capacity, and the lowest of all in relation of capacity 
to weight, indicating that the udder consisted largely of material 
other than gland tissue. 

Gross anatomy (pi. 20).—Aside from a small area above the rear 
teat, practically the entire udder consisted of fat. In the front 
(piarter the gljmd tissue w'as little more than sufficient to enclose the 
(iuct or cistern, wdiich was not more than a quarter of an inch in 
diameter, horizontal in position, and approached the teat canal from 
the rear. The rear quarter contained an area of gland tissue of 
irregular shape, about 5*2 inches at its maximum height, about 3 
inches at its maximum width, and surrounded laterally and superiorly 
with solid fat. The rear cistern w’^as very small and somewdiat 
divided. The front one w^as almost entirely lacking. The opening 
from teat canal to cistern w as only moderate in size in the rear and 
extremely small in the front quarter. There w'ere only a few small 
ducts except in the immediate vicinity of the cistern. A fairly liberal 
quantity of comparatively finely divi(led connective tissue was visible. 
The sections were firm wlien kept at low^ temperatures, but, owing 
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to the very great proportion of fat, became soft at higher temperatures. 
The fatty areas as well as the areas of gland tissue contained a con¬ 
siderable quantity of connective tissue or liber. As the fatty areas 
receded these stood out in relief, giving the sections a rough appear¬ 
ance, particularly in the photographs. 

i/kv/o/of/?/.--"This udder showed an extreme fatty condition in the 
gross specimen and it was possible to obtain sections from only one 
area in the lower portion of the rear quarter. Histologically this 
area was found to be in the complete resting state and quite fibrous. 
The fibrous condition may have been due in part to the advanced age 
of the animal. A number of milk concretions were noted in the 
section. (See \)\. 21.) 

General .—Undoubtedly tliis udder had the largest proportion of 
fat to gland tissue of any udder yet studied. In making the ante¬ 
mortem observations the udder was described as fatty but the con¬ 
dition was underestimated. Probably because of the extreme fatty 
condition the quantity of fiber as shown by both gross and liistological 
sections was also underestimated. The gross anatomical and histolo¬ 
gical findings are in very close agreement. The high condition of 
this cow and the 25 months dry ])eriod probably account for the 
large amount of fat in the udder, but the extremely small quantity 
of gland tissue would appear to have made it inqiossible for her to 
secrete any considerable amount of milk. 

DISCUSSION AND SUMMARY 

The milk- and but ter fat-producing ability of four Hereford cow< 
maintained under dairy-herd conditions is compared with that of 
two registered Holstein cows. A comparison is also made of the w(4ght 
and measurements of the body, the weight and measurements of the 
internal organs and body parts, and the mammary-gland develop¬ 
ment and udder structure of the four Hereford cows, the two registered 
Holstein cows, three Hereford cows kept under ty[)ical beef-herd 
conditions, and an aged >Vberdeen Angus cow. 

The average production of the four Hereford cows (that were 
accustomed to conditions of dairy-herd management i)rior to tlieir 
first calving and milked and fed under the same environmental con¬ 
ditions as the dairy herd) w'as 557.45 pounds of milk, t(‘sting 4.0G 
percent butterfat and containing a total of 27.60 pounds of butterfat 
The average lactation period was 211 days. The average production 
of the two Holstein cows was 14,270 pounds of milk, testing 3.45 
percent butterfat and containing 402.5 pounds of butterfat. The 
average lactation period was 304 days. The production of the two 
Holstein cows w^as 2,401 percent greater in milk and t,0(Sl percent 
greater in butterfat than the average production of tln^ four Hereford 

COW'S. 

Although the four Herefords milked in the dairy barn w ere consider¬ 
ably undersized, they could hardly have failed to make a mon^ credit¬ 
able showing, considering tlieir opportunities both liefore and during 
lactation, if their inh^'ritance had included the capacity for abundant 
la(5tation or the stimulus to continue lactation over an extended 
period. Apparently they did not possess these qualities. 

In live weight and in every body dimension measured before 
slaughter, the Herefords studied were smaller than either the Holsteins 
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or tlic Aberdoon Angus. Though heavier, the Aberdeen Angus was 
smaller than tlie Holsteins in the measurements of length and height, 
but greater in some other measurements, particularly those of width 
and circumference of body that are affected to the greatest extent by 
fleshing. In this connection, attention is culled again to the possible 
effect of age differences on the comparisons of absolute values of 
wetight or measurements for different breeds. 

When th(^ ante-mortem data are compared on the basis of ratios 
based on lieight at withers or on length of head, a marked similarity 
is shown in the body ])roportions of the Holsteins and the Herefords. 
The ratio for width of fore (diest appears to be the outstanding excep¬ 
tion. For the m^^asurements of height and length, whicli indicate 
“scale/^, the body pro])ortions of the animals in all three breeds are 
similar. Tlie outstanding differences in body proportions are associ¬ 
ated with those measurements, such as width and circumference of 
barrel. Unit are most directly affected by deposition of fat. This 
supports the finding of a previous investigation that the cows of 
different breeds an' generally similar in skc'h'tal structure—the dif¬ 
ferences in type, resulting from breeding and selection, being due 
primarilj" to the degree of fleshing. 

Although tlie contour an'as for fore (‘host and paunch increased 
l)rogressively in size from Hereford to Holstein to Aberdeen Angus 
and there was (‘onsiderable difference in shape of the contours, only a 
flight dilference existed in tlie ])roportion above and below^ the vertical 
midpoint. 

The body surface area w^as alm(»st the same for Holsteins and Aber- 
(h'cn Angu-^. That for the Herefords was much less. 

The volunu' of barrel also was nearl}* the same for Holsteins and 
Aberdeeji Angus. That for (he Herefords w’^as very much less. 

The thorai’ic index decreased witli considerable regularity from 
Henffords to Holsteins to Aberdeen Angus, indicating that the Hol- 
^teins wen* intermediate and the Aberd<*en Angus w^as the highest in 
proportion of width to depth of fore chest. 

.\bdominal indexes \vere nearly the same for all three lireeds. 

The legginess was almost the same for the Holsteins as for the 
H(*refords, but much lower for the Aberdeen Angus. 

(Jreat diirerences e.visted in w'edgo shape. The Herefords had very 
little vertical wedge sbajie, the Holsteins had more than 10 times as 
much as the Herefords, and the Aberdeen Angus had more than three 
times as much as the Holsteins. In lateral wedge shape there wuis a 
marked decrease from Herefords to Holsteins to Aberdeen .Vnirus. 
In circumference the wedge shape was almost the same for the three 
breeds; and on the basis of contour areas the Herefords and the Hol¬ 
steins were almost the same, but the Aberdeen Angus was distinctly 
less. The Aberdeen Angus was very wide in the fore chest as coni- 
pared with the animals in the other breeds. Again the influence of 
flesliing -especially in the region of the fore chest—is shown in tlio 
values for wedge shajie. 

With few exceptions the post-mortem data, expressed in actual 
units of weight or measurement, are distinctl\^ low er for the Herefords 
than for the Holsteins—the most marked differences being in the 
visceral fats, the endocrine glands, and the udder. A comparison of 
the Aberdeen Angus with the Herefords shows relationships that are 
similar to the Holstein-Hereford relationships in most respects. 
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However, in cornpuring the Aberdeen Angus with the Holsteins, 
although the four greatest differences are in weights of adrenals, 
udder, kidneys, and thyroid, all of wliich are greater for the Aberdeen 
Angus, the data for the Aberdeen Angus are actually lower than for 
the Holsteins for more than two-tliirds of the items. 

'Wlien considered in relation to the empty body weight of the animal, 
there was a definite tendency for most of the weights and measure¬ 
ments of the internal organs and body jiarts to be greater for the 
Herefords than for either the Holsteins or the Aberdeen Angus and 
greater for the Holsteins than for the Aberdeen Angus, except for the 
visceral fats, the udder, the ovaries, the kidneys, and some of the 
endocrine glands. 

Wlien grouped on the basis of anatomy and function, it appears 
that the organs and parts of both the Holsteins and Aberdeen Angus 
averaged greater in actual magnitude than those of the Herefords, 
while those of the Aberdeen Angus averaged small(‘.r than those of the 
Holsteins in the circulation and respiration group and in the digestion 
group. In proportion to their empty body weight, however, the 
Herefords had larger organs than the Holsteins in all except the 
endocrine gland and visceral fats groups, and larger organs than the 
Aberdeen Angus in all except the urogenital, endocrine gland, and 
visceral fats groups. The Holsteins had larger organs than the 
Aberdeen Angus in all except the urogenital and endocrine gland 
groups. The effect of fleshing is clearly indicated, for as it increases 
the total animal structure, the organs become proportionately smaller. 
The only group consistently overcoming this factor, showing greater 
average values for Holsteins than for Herefords and greater values 
for the Aberdeen Angus than for either Herefords or Holsteins, was 
the one consisting of endocrine glands. 

Despite the breed difhwnces in size of internal organs and body 
parts, there was very little difference in dressing out })erccntage 
between the Herefords and the Holsteins. The dressed weight was 
50.0 percent of the live weight obtained immediately before slaughter 
for the four Herefords in group 1 (dairy management), 49.9 percent 
for the three Herefords in group 2 (beef management) and 54.7 per¬ 
cent for the two Holsteins. When based on empty body weight 
instead of live weight, the dressing out percentages were 00.2, 00.1, 
and 02.5, respectively. Owing to the difference in procedure incidental 
to the preservation of her skeleton, the carcass weight of the Aberdeen 
Angus cow could not be determined. 

Five of the seven Herefords were extremely deficient in mammary- 
gland development. The other two, though more advanced, still were 
distinctly deficient. The greater udder development of H 10 and 
H~17 as compared with the other Herefords is shown both by the 
photographs of the living animals (figs. 1 and 2) and by the photo¬ 
graphs of the gross sections of the udders (pi. 1). This difference 
may be due partly to their greater size and presumably more advanced 
age and partly to the fact that they came from a different line of 
breeding and had a different inheritance. Only two Herefords, one 
that nursed her calf until 18 days before slaiigliter, and one in advanced 
f)regnancy, showed signs of activity in the gland tissue, and all except 
these two showed large quantities of fat deposits in the histological 
sections. The udder of the Aberdeen Angus was much larger and 
appeared to have a greater quantity of gland tissue, but on post- 
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mortem examination it proved to consist cliiefly of fat. The Holsteins 
had udders of comparatively small size for the breed. 

The Holsteins ranked considerably above the Herefords in most of 
the udder characteristics associated with ‘^udder quality’\ The 
Aberdeen Angus ranked close to the Herefords in most of these items 
but above the Holsteins in a few. There was little difference between 
the breeds in those items that might be considered antagonistic to 
quality, (jiades for milk veins and milk wells were in most cases 
definitely higher for the Holsteins than for the other breeds. Though 
the grades for quality of udder are in most cases higher for the Hol¬ 
steins than for either the Herefords or the Aberdeen Angus, the dif¬ 
ferences do not approach the very great difference in producing 
capacity that actually existe<l between the Holsteins and the Here¬ 
fords, and that in all probability existed between the Holsteins and 
the Aberdeen Angus. 

In size (emi)ty weight) of udder the Herefords in group 2 (beef 
management) differed from the Herefords in group 1 (dairy manage¬ 
ment) by only 2.30 percent; the Holsteins were 160.10 percent greater 
than the Herefords; and the Aberdeen Angus was 336.08 percent 
greater than the Herefords and 67.62 percent gi'cater than the Hol¬ 
steins. The comparatively high weight of udder in the Aberdeen 
Angus was due to excessive deposition of fat. 

In capacity of udder the Herefords in grou]) 2 (beef management) 
averaged 53.32 y)ercent more than the Herefords in group 1 (dairy 
management). This may indi<‘atc a possibility that the Herefords in 
group 2 })roduced more abundantly than those in grouj) 1. Actual 
milk production records for the cows in group 2 are not available, of 
course, but there is nothing in the appearance of the gross sections of 
th(* udders to indicate they had a greater (|uantity of mammary-gland 
tissue. The udder capacity of the Holsteins was 520.33 percent 
gn^ater than the average for the Herefords, and 359.78 percent greater 
than for the Aberdeen Angus. The capacity of the Aberdeen Angus, 
however, was 34.92 percent greater than the average for the Herefords. 
1'he proportion of mammary-gland tissue in the udder of the Aberdeen 
Angus was extremely small. The low udder capacity of cows of the 
beef breeds studied was shown consistently. 

In ^^relation of capacity to weight’’ of udder, the Herefords in group 
2 (beef management) averaged 74.86 percent higher than those in 
group 1 (dairy management). The Holsteins exceeded the Herefords 
by 130.12 percent, but the Aberdeen Angus was 69.96 percent lower 
than the Herefords and 86.95 percent lower than the Holsteins. The 
low fluid-holding ca])acity per unit of weight for the beef-cow udders 
indicates a small (piantity of gland tissue in proportion to fat or 
connective tissue. This was particularly true of the Aberdeen Angus, 
which had the heaviest udder with a capacity only slightly above the 
average for the Herefords, and the lowest relation of capacity to weight 
of all the udders included in this study. The eflect of heavy fat 
deposition in the udder of this cow is clearly indicated, but the extent 
to which her long dry period was responsible for it is not definitely 
known. 

For the six cows in this study having records of production there 
appears to be a high positive correlation between size (empty weight), 
capacity, and ratio of capacity to w^eight of udder and the quantity of 
milk produced, if the two Holsteins, the highest producing Hereford, 
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and the three lowest producing: Hercfords are considered as groups, but 
little if any correlation among the three lowest producing individual 
Herefords. Though the Holstein udders exceeded the Hereford 
udders by 163 percent in empty weight, 661 percent in capacity, and 
204 percent in ratio of capacity to weight, these differences (lo not 
approach the corresponding differences of 2,461 percent and 1,681 
jiercent, respectively, for mills and butterfat production. At the same 
time the percentage differences for udder size and capacity were mucii 
more significant of the jiroducing ability tluui were the udder character¬ 
istics studied on the living animals. This is in harmony with previous 
studied, which showed size and capacity of udder were the only items 
of those studied that had significant correlations with records of 
production. 

Witli few exceptions the antemortem observations wc^re fairly w<'ll 
supported by the findings reported m tlie gross anatomical and 
liistological studies, and the gross anatomical observations are perhai)s 
even more closely supported by the histological findings. 

The proportion of fat in the udder of the Aberdeen Angus was 
extremely high. The possible effect of prolonged inactivity on fat 
deposition has been discussed. In the Herefords it was high but less 
extreme. One of the Holstein udders had practically no visible fat 
in the gross sections, the other a moderate quantity. Though in a few 
instances the proportion of visible fat in the udders of the Herefords 
was comparatively small, the total (piantity of gland tissue and the 
measured capacity of the udder were both so small that it is inconceiv¬ 
able they could have produced milk in abundant (|uantiti<‘s. To this 
extent the findings wuth Herefords support the observations and 
conclusions previoush’’ reported for the Aberdeen Angus, which 
wore to the effect that cows of the bqiecialized beef l)re('ds do not 
inherit a mammary dcvelo])ment sufficient to enable them to be 
liberal milk ])roducers. 
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GROWTH AND DEVELOPMENT OF DICTYOSTELIUM 
DISCOIDEUM WITH DIFFERENT BACTERIAL ASSO¬ 
CIATES ' 


By Kenneth H. Raper - 

Amtiflntil tilycolog%sl, Division of Soil Microbiology, Bureau of Plant Industry, 
Vniteil Stales Department of Agriculture 

INTRODUCTION 

The genus DiclyosteMum and the group to whicl) it belongs have been 
known sinc« Brefeld (;?)•* described Dictyosielium mmoroides in 1869. 
Additional species have been added to the genus by Van Tieghem 
(22), Marchal (10), Olive (IS), and Raper (18). 

The developmental history of species of the Dictyosteliaceae is well 
known from the works of Brefeld (2, 3), Van Tieghem (22, 23), Olive 
( 14 ), Harper (6, 7, 8), and Raper (18). Their investigations dealt 
either with the taxonomy of the group or with the formation of fruiting 
structures in certain species of the family, wliereas little study was 
given to the vegetative stage and no attention was paid to the role of 
the bacteria that accompanied the slime molds. Some investigations 
of a physiological nature, however, were made by Nad.son (12), Potts 
(17'), Vuillemin (24), Pinoy (15, 16), and Skupienski (20, 21); and in 
their studies the role of the accompanying bacteria rightfully occupied 
the center of attention. 

The relation between species of the Dictyosteliaceae and the bacteria 
w it h w hich they are associated has been a subject of dispute. Although 
any effective study of this relationship obviously would have to be 
made with the slime molds growring in association with pure cultures 
of bacteria of known identity, only a part of the studies previously 
reported wen* made with sucii cultures. Further, there is a disparity 
in the results ri'ported by different investigators working with the 
same species of IlictyoKtelhim in association with the same species of 
bacteria. 

Because of the conflicting results reported by earlier students of the 
Dictyosteliaceae and becau.se of the limited scope of their investiga¬ 
tions, the need for additional study of the whole question of the 
niationship between species of this family and the bacteria that 
accompany them became apparent. The wTiter, therefore, under¬ 
took the investigation of this problem with the following objectives 
ill view: (l i To study the range of different species of bacteria in 

‘ Itt^ceived for Dulilicalioii Dec h, liwri. issued v^eittember 19117 (’ontributioii from the Ltiboratones of 
(’r\ptojianuc Botany and the Farlou llerbarium, Harvard Unnersity, no iro The material [tresented 
here represents a portion of a thesis submitted to the faculty of Harvard rni\ersit>, June 19Hb, m luirtial 
fulfillment of the retiuirements for the degree of doetor of pliilosophj in biology. 

^ I'he author is part leularly indebted to J*rof. William IJ. We^ston, Jr . of Harvard Hniversit.\, under whose 
direet ion t he present studies were pursued, for valuable counsel and criticism during the progress of 1 he work. 
'Die wider is also grateful to N. K Sinitli, Division of Soil IMicrobiology, Bureau of Tianf Industry, V. S. 
I )eimrt merit of Agruiilt ure, for helpful advuv, for identifying cult ures of bacteria, and for generously supply- 
mg the gre4iter portion of the bacterial cultures studied during this investigation, and to Dr Charles Thom, 
in charge of the Dnision. for ha\ing originally suggested an investigation of this nature and for guidance 
during earlier work which forms a backgrouml for the present studies 

‘ Hefertmce is made by number (italic! to Literature Cited, p. HJ4 
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association with whi(*h a ropreseiitativo member of the IJictyosteli- 
aceae could ^row; (2) to study the manner in which myxamoebae of 
such a species feed upon bacteria; and (3) to study the relation be¬ 
tween a species of the Dictyostehaceae and the bacteria associated 
with it. 

Dictyostelium discoidenin Raper was selected for this study because 
of the unique advantages for experimental studies wliich it affords. 

LITERATURE REVIEW 

Brefeld {2), Van Tieghem {22), Olive {H), and Harper {0) noted the 
presence of bacteria in tlieir cultures of species of the Dictyosteliaceae 
but did not understand the role jdayed by the l)acteria in the nutrition 
of the myxamoebae, nor did they know the identity of the bact(»ria 
that accompanied their cultures. Brefeld {2) noted the ingestion of 
solid particles by the myxamoebae of DiciyoMeliurn niu cor aides. Van 
Tieghem (22) and Olive (14) observed the actual ingestion of bacteria 
by myxamoebae of the Dictyosteliaceae, but both investigators be- 
heved this phenomenon to be without signili(*ance and concluded that 
the myxamoebae fed upon nutrients in solution. Inasmuch as the 
emphasis in their studies was placed on the fruiting stage, which 
involves the final orientation and differentiation of myxamoebae into 
a fruiting structure, rather than on the vegetative stage, which in¬ 
volves the growth and multiplication of myxamoebae, this lack of 
'appreciation of the role of bacteria is understandable. 

Nadson (J2) was the first to call attention to the association of a 
known species of bacteria, Bacil/vs fluorescens liqyefacieos, with a 
species of the Dictyosteliaceae, DkiyosieVnun mucoroides. He con¬ 
sidered that the two organisms were syjnbioiits and that the bacteria 
favored the slbne mold by creating an alkaline reaction in the culture 
medium. The myxamoebjie, he believed, fed solely upon nutrients in 
solution. 

In his extensive study of the physiology of Dicfyosteliuni tnucoroides^ 
3 years later, Potts (77) observed that the myxamoebae of D. niuco- 
roUles were dependent upon the j)resence of bacteria for tluur nutrition 
and growth, and further that colonies of bacteria were consumed by 
the slime mold. He did not observe the ingestion of bacteria by the 
myxamoebae, however, and concluded that the mvxamoebae excreted 
an enzyme, which digested the bacterial cells outside the bodies of the 
myxamoebae, and subsequently incorporated in solution the products 
of their decomposition, losing maize extract agar, he was able to 
grow D. mucoroides in association with pure cultures of Jiacillus 
megatherinm, B, subtil is j and B, fluorescens tiquefaciens, in addition to 
Bactermm jimbriatum Potts with which lie originally isolated the 
slime mold. Ritts found no indication of a symbiotic relationship 
between the slime mold and the associated bacteria. 

VuiJlemin (21^ isolated and cultivated Dictyostelium mucoroides in 
association with Bacillus fluorescens noii-liqae/aciens, but could not 
grow the same slime mold in association with B. jjyocyaneus* He (24) 
reported that the slime mold acted as a bacteriophage^^ and that the 
myxamoebae of tliis species ingested bacterial cells and digested them 
in vacuoles within the bodies of the myxamoebae. In the same year, 
Pinoy (15) reported successfully cultivating D. mucoroides in associa¬ 
tion with, or, as he termed it, in ^‘pure-mixed culture’^ with Micro- 
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bavillus prodiyiosus and B. coll communis in addition to B. jiuorescens 
liquefacienSy which had been associated witli the slime mold in his 
original isolation. Four years later {16) he added five additional 
(}ram-nej 2 :ative bacteria to the list with which 1). mvcoroides could 
grow, but reported that it could not grow with Grain-positive species 
or, as Vuillemin (24) had indicateil before him, with B. pyocyaneus. 
Pinoy (16) made an intensive study of the ingestion and digestion of 
bacterial cells by the myxamoebae of D. mmoroides. He succeeded 
in (extracting from large numbers of myxamoebae a preparation which 
(1) liquefied gelatine and (2) dissolved bacterial cells {B, coll com- 
munis) that had been killed by chloroform. To the active substance, 
or enzyme, contained in this extract, he gave the name ^^acrasidins- 
tase’^ and noted that on the wdiole it was similar in its actmn to a 
substance, or enzyme, earlier isolated by Mouton (11) from a soil 
amoeba and termed by him ^^imibodiastase.’^ Pinoy (16) considered 
the slime mold as living parasitically upon the (‘olonies of the asso¬ 
ciated bacteria. 

Skupi(‘nski {20, 21) likewise isolated Dkiyostellum mncoroules in 
association with Baclllys jiuorescens Uquefaclens and cultivated the 
two organisms in puie-mixed culture. Like Vuillemin and Pinoy, he 
report( h 1 the ingestion and digestion of bacterial (‘ells by the myxamoe- 
ba(' of D. mucoroideSf but Ix'lieved nonetheh'ss that the two organisms 
w'er(‘ symbionts. 

In the writer (/(S’) ch^scribed Dktyostellum discoldexm, a new 
sp(H’i(‘s characterized by (1) migration, (2) upright sorocarps, and 
(3) discoid base, pointing out that this sp(a‘ies was accompani(Ml by 
bacteria and that the myxamo(d)ae reaclu'd their maximum develop- 
nuait within the ba(*terial coloni(‘s, and, indeed, occurred outside the 
limits of such only as scattered myxamoebae. How’ever, neither the 
ndation betwei‘n the myxamoebae and the bacteria nor the identity 
of the associaU'd bacteria was then known. Since that time these 
f)oints have been (deared up in large measiire, and this work is reported 
and discussi'd hen'in. 

HOST RANGE OF DICTYOSTELIIJM DISCOIDEUM 

DICTYOSTELllJM DISCOIDEUM IN ASSOCIATION WITH VIBHIO ALKAMGINES 

Using the ty])e strain of Dictyosiellum discoulevm {IS), the writer 
isolaUal the ba(‘teria assoeiated with this slime mold and found that 
it w^as ac(*ompanied by a single species of bacteria. Vibrio alhaligines 
Ixdim. and N(nnu.'^ Wlmn grown upon hay-infusion agar this bacterial 
culture ])ro(iuces raisial, .somewhat slimy colonies, w hich more or less 
retain their gc^neral eharaeter even wdien a rich grow th of Dictyosteliurn 
occui’s witliin them.^ 

Tn culturing Dictyosteliurn discoideum in association with Vibrio 
alkaligines upon hay-infusion agar, the tisual method of transfer was 
to numne loopfuls of bacteria and Dictxjostelium from well-('stablished 
cultures and to streak these upon the surface of fresh agar plates. 

’ Mcnfificd by N. H. Smith 

' As will bo soon from ihe disoiisMons that follow, tins was not the caso with the maioniy of bacterial 
s[>ecies that were subsefiiienily siiidiod in association with J). (UKcohUum, for in the greater poreentuge of 
cases the bacterial colonies wore conijilctcly corisiirncd by the feeding ni.vxainoebae. The fact that the 
rnyxHinoebao of /> iliscoideuw only i)arti\ll> eoiiMiine the colonies of Uiftno alkuUginrs evt>lains tn large 
ineiisnro why the writer overlooked the true relation lietweon the m.vxainoobae and the associated Viacieria 
during his early studies with this shine mold 
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When tliis method was employed, good growth of bacteria and of 
Dictyostelium was invariably obtained. However, when care was 
taken to transfer only the spores froin single sorocarps, growth of the 
Dictyostelivrn was not uniformly obtained bnt occurred at some points 
of inoculation and not at others. Further, in these cultures it was 
observed that the two organisms always grew at the same points and 
that neither ever developed alone. The explanation of this phenome¬ 
non was not at first obvious, but later experiments proved that the 
slime mold was dependent tipon bacteria for nutriment, a fact which 
was in agreement with results earlier obtained by Potts (/7) and 
Pinoy (16) with 1), rnucoroides. 

From the foregoing results it was obvious that ba(‘teria-free spores 
had been inoculated at some places but not at others. In order to 
detennine the character and position of the soro(*arps bearing spores 
that were free of bacteria, iiiocxdations were again made with spores 
only, and care w^as taken to inoculate some ]>lates with spores taken 
from sorocarps that had been formed outside the limits of the bacterial 
colonies in which the pseudoplasmodia had developed, while other 
plates were inoculated with spores takcui from sorocarps that had 
been formed within the limits of the bacterial colonies.It was 
found that bacteria and DictyoMelimn grew at all points of inoculation 
in plates that had been seeded with s[)ores ol)tained from sorocari)s 
located witliiu the bacterial colonies, but occurred at only 1 of 10 
points of inoculation in plates that had been seeded with spores 
obtained from sorocarps located outside the bacterial colouies 
Subsequent experiments of this type demonstrated that if spores 
were taken only from sorocarps which had formed at a distance of 0.5 
cm or more beyond any evidence of bacterial growth then the spores 
were in all cases free from bacteria. 

Such bacteria-free spores germinated, but the emergent myxamoebae 
failed to grow in the absence of bacteria. However, it was only neces¬ 
sary to add bacteria to any point at which pure spores had f)een in¬ 
oculated in order to secure an immediate growth of Dictyofitelhim 
dwcoideum. 

The pseudoplasmodia were positively phototactic, and when cul¬ 
tures were placed in one-sided illuniination the pseudoplasmodia mi¬ 
grated toward the light. Under favorable culture conditions a large 
percentage of the resulting sorocarps were formed at distances of 1.0 
cm or more from bacterial colonies in which tlie pseudoplasmodia 
developed. In migrating this distance, the pseudoplasmodia divested 
themselves of all bacteria that were originally either contained inside 
or attached to the pseudoplasmodia at the time they left the bacterial 
colony. Dietyosielkim diacoidenm is the only species of the Diclyo- 
steliaceae that possesses a. migrating pseudoplasmodiuni and is, there¬ 
fore, the only species that regularly bears bacteria-free spores. The 
pure spores borne in isolated sorocarps that are formed from migrating 
pseudoplasmodia can be inoculated at will with a pure culture of any 
bacteriurn, and the growth and development of D, discoldeum in asso¬ 
ciation with that bacterium can be stmlied in what Pinoy, Sku[)ienski, 
and other workers have called a ^‘pure-mixed culture. 

® In D. discoideum ( 18 ), after the my vHrnoel)a(»i*cmi)ri.slng the pseudopl^isiiiodia have crowded togother into 
compact, oylmdncal, taiKJring masst^s, the.se ina.s.ses, or pseudoplasmodia, characteristically moNe outside 
wlony as units and continue to migrate for a greater or less distance before forming sorocarps 
At the same time, other pseudoplasmodia fail *o migrate and hence form sorocarps within the limits of the 
bacterial colony 
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PKELIMINARY STUDIES WITH CERTAIN SAPROPHYTIC BACTERIAL ASSOCIATES 

Since members of the Dictyostcliaceae had been isolated almost ex¬ 
clusively with fluorescent bacteria by earlier investigators {12^ 15, 20, 
24 ) and had been successfully grown in association with these bacteria 
by Naclson {12), Potts {17), Vuillernin {24), Pinoy {15, 16), and 
Skupienski {20, 21), the writer early turned to a study of Dictyostelium 
discoideum in association with Psetulomonas f uorescens Migula.^ 
Following this, the slime mold was cultivated in association with an 
additional species of Gram-negative bacteria, Esrhrrichia coli (Migula) 
(^astellani and Ghalmers, and with two Gram-positive species. 
Bacillus megatherium l)e Bary and B. subtills Cohn. With each of 
these common saprophytic species, D. discoideum grew somewhat 
better than in control cultures with Vibrio alkaligines. Thus D. dis¬ 
coideum grew better in association with otlicr ba(‘terial species than 
that w'ith wiiic-h the slime mold w^as originally associated. 

In the above-mentioned cultures with common sa])rophytic bac¬ 
teria. and in those with Vibrio alkaligines, the mature sorocarps varied 
greatly in size but were always of essentially the same pattern, char¬ 
acterized by upright, straight, sinuous, or loosely spiral sorophores, 
which aros(‘ from circular and expanded or cone-shaped basal disks 
and bore at their apices grayish-wdiite to pale lemon-yellow sori of 
slightly elliptical form. Under favorable conditions such as existed 
in these cultures, the difTerentiation of myxamoebae in the developing 
sorocarp into stalk cells and spores progressed at a proportional rate, 
so that, regardless of the size of the fructification, the ratio of soro- 
phore (stalk) to sorus (spore mass) size remained relatively constant. 
'Phis condition is well illustrated by the camera lucida drawings of 
mature sorocarps of normal pattern shown in figure 1, A-l). For a 
detailed ac(‘ount of sorocarp formation, the reader is referred to the 
original descri])tion of Dictyostelium discoideum {IS). 

The preliminary studies clearly demonstrated: (1) That Dictyo- 
steliarn discoideum could grow', and grow' w'ell, in association with bac¬ 
teria oth(‘r than that with which the original culture was associated; 
(2) that D. discoideum could grow' alike with Gram-negative and Gram 
])ositive bacteria; (3) that hay-infusion agar provided a satisfactory 
medium for cultivating D. discoideum in association with different 
bacteria; (4) that the sorocarps produced in cultures with different 
bacteria presented essentially the same pattern; and (5) that the ratio 
of soro})hore to sorus size remained relatively constant regardless of 
the size of the sorocarp. Therefore, it w'as recognized that D. discoi¬ 
deum afforded a particularly favorable species with which to study 
(|uantitativelv the growth of a species of the Dictyostcliaceae in as¬ 
sociation with a large numl)er of different bacteria belonging to di¬ 
verse groups. 

METHODS DEVELOPED FOR MAKING GROWTH (COMPARISONS 

For these comparative studies of the grcjwth of Dictyostelium dis¬ 
coideum in association with various bacteria, hay-infusion agar was 
used, the composition * being kept as constant as possible. 

' In ciiscusslnK (he writer’s work, the noinenclaturo for the baclerinl siwcievS studied In aU cases accordine 
((» Bergey (/); whereas, in reviewing the work of earlier investigators, the nomenclature ust<l by those in¬ 
vestigators is followed. 

' The hay-infusion agar was prepared in the following manner: 35 g of partiallj decomposed hay infused in 
u liter of tap w'ater for one-hair hour In an autoclave at 110® and 5-10 t>ounds pressure; infusion ftltered. 
an<l filtrate made up to 1 liter: 0 2 pert'ent KjHPOi and I 5 percent agar added; adjusted top H of 0.0-(».2, ami 
sterilized at 15 (rounds pressure for 2t) minutes 
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Triplicate plates of bay-infusion agar (each plate containing ap¬ 
proximately 20 cc of medium) were inoculated with each of the cul¬ 
tures listed in tables 1 and 2. Inoculations were made in the following 
manner: Six giant colonies were established at regular intervals in a 
circle near the periphery of the plate', and a single colony was planted 
in the center; the inoculations were made with a small loop, and for 
each colony the inoculum was spread over an area of ap])roximately 
1 cni^ In all cases the cultures were allowed to grow at ioom tem¬ 
perature of 22-24° C. for 2 to 3 days prior to the introduction of pure 
spores of Dictyostelium. The spores used as inoculum v\ere obtained 
from sorocarps that had developed 0.5 cm or more beyond any evidence 
of bacterial growth. As an added precaution, spores from only one 
sorocarp were introduced into each bacterial colony, so that if con¬ 
taminating bacteria were in any case introduced with the inoculum 
they would not be added to more than a single colony. Spores were 



“ ' ' KBH " 

Fk.cre 1 —Xormiil sorocarps of Uictf/ontelium dmcoidf unr y\, sorocarp of lareo mxc, H aufJ ( . s(>rocarps of 
rueiiium si/e, t), sorocarp of small size Whatever the size, Ifie parts of the sorocarp- <}iscoi<l base, taper- 
mu stalk or sorophoro, and ellipsoid sfiore rniwss or .sorus - are easily recoKiiized 

introduced into each of the colonies in two of the three plates and 
into six of the seven colonies in the third plate. Thus for each 
bacterial species studied, T). discoideuin was introduced into 20 
colonies, while a single colony was reserved as a measure of the 
grow th of the bacteria alone. 

Incubation of the cultures was continued at room temperature 
after the spores were introduced. Tlie cultures were observed from 
time to time, and a record was made of the time at which the first 
psetidoplasmodia began to form; and a record of the complete growth 
of Dictyostelium discoUleum was made after sorocarp formation had 
ceased, which in the majority of cases was 0 to 8 davs after the spores 
weie added. 
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The total growth of Dictyostelium discoideum was determined by 
counting the number of lar^e, medium, and small sorocarps in each 
of the 20 colonies of the several bacterial cultures. These counts 
were subsequently averaged and the growth per colony was obtained 
(tables 1 and 2). 

For the terms ^large’’, ‘^medium”, and ‘^small soroearjis'^ used 
throughout this ])aper as a means of expressing quantitatively the 
growtli of Dictyostelinrn diwoUleum, the following arbitrary limits were 
chosen: 

(1) Large sotoenrps. —Those \^ith sori having a cross (iiaineter of 250g or more 
jind soropliores liaving a length of 2.5 to 3.0 mm or more. 

(2) Mcflhum sorocarps.- —Tliose with sori having a cross diameter of 150 m to 250 m 
and soropliores having a length of 2 to 3 mm. 

(3) Small sorocarps. —Those with sori having a cross diameter of 75 m 150m 

and sorophores having a h'ligth of 1 to 2 mm. 

Although it might seem that the number and size of the sorocarjis 
would not serve as a- r(‘liable index of the amount of grow^th in Die- 
ilioxidium di^coidenw^ an analysis of growth in this organism shows 
ample justification for such a procedure. Growth in the Dictyostelia- 
ceae consists in an increase in the mass and in the numbers of feeding 
myxanioebae, that is, it is characteristic of the vegetative stage. On 
the other hand, the formation of the fruiting structures involves no 
v(‘getative growtli but rather is a matter of development, or “integra¬ 
tion and ditrerentiation’^ as Harper (S) has termed it. Since this is 
true, it would at first seem that any comparison of grow tli should be 
limited to tiie vegetative stage where growth occurs. However, since 
no increase in the number of myxamoebae occurs after the fruiting 
stage is initiated and since each myxamoeba entering into a psuedo- 
plasmodium forms either a spore or a stalk cell in the developing 
fructification 6*, l4)y the identity of each vegetative myxamoeba 
is in fact ])reserve(l in the mature sorocai*]). Tlie vacuolate stalk cells 
are much larger than the spores, but since the size of the sorus and that 
of the sorophore remain proportional (p. 293), the relative numbers 
of the two cell ty])es remain approximately constant in normal soro¬ 
carps. A sorocarj) of a particular size, therefore, represents a fairly 
definite amount of actual growth. Since this is true, the amount of 
growth occurring in any bacterial colony can be expressed in the 
numbers of sorocarps produced in that colony, when the size of the 
sorocarps is considered. 

The total growih of Dictjiosteliutn dlwoideum in association with a 
given culture of bacteria can bo satisfactorily expressed in terms of the 
total number of large, medium, and small sorocarps; but the grow th 
of the slime mold with two or more different bacteria cannot be 
({uantitatively compared in terms of the total number of sorocarps, 
because the numbers of sorocarps falling within the different size 
grou])s do not remain in the same ratio to one another.^ However, 
such a (|uantitative comparison can be made and the results graphi¬ 
cally show n, if the sorocarps of the three sizes are all converted into a 
common expression. As already noted, the amount of actual grow th 
represented by a sorocary) is in direct ])roportion to the size of the 

^ 'I'his point is oxcollently illustratoil by the growth nmi dexTlopinont of ]>ktyoi,tdiinn discoidenm with 
iinvilOtit C( FnuikWind and Frtinkliind and with Smeina tvtcn Sehroelrr as shown in table 1. There w'as 
un HvttrrtKO of 23 sorocarps i>er colony of U ctreus and an a\erago of 22 sorocarps per colony of 8 luUa, 
Mill the growth of the slime mold was almost tlireo limes as great with the latter associate tfig 2) Tins 
ap]>Hrent conliadiction is explained ent irol> by the sU© distribul ion of t he sorocarps in t he oolonuw of t he two 
bacteria (table 1), 
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sorocarp; and further, the relative proportions of sorus and sorophore 
remain fairly constant in a normal sorocarp regardless of the size of 
that sorocarp. Therefore the amount of growth represented by a 
sorocarp of one size can bo expressed in terms of a sorocarp, or sorocarp 
equivalent, of another size simply by computing the volumes of their 
sori. 

A basis for converting sorocarps of different sizes into a common 
expression was obtained in the following manner: (1) The average 
dimensions of 50 large, 50 medium, and 50 small sori were determined; 
(2) then, treating the sori as spheres,the average volume of a large, 
medium, and small sorus was computed. Medium sori were chosen 
as the most convenient size to which to convert sorus volumes, and a 
medium sorus was found to be equivalent to 0 small sori and to 0.29 
of a large sorus. The total amount of growth of Didyostelium dis- 
coideum with the different bacteria is, therefore, expressed as medium- 
sorocarp equivalents wherever quantitative comparisons are made, as 
in figures 2 and 3. 

Because of the amount of work involved, these investigations 
extended over a period of 0 months. However, the results obtained 
with the several species of bacteria could be quantitatively compared 
and the differences in the growth of Didyodelium could be attributed 
eitlier to the amount of bacterial growth present or to the ability of 
the myxamoebae to feed upon the bacteria, since the following factors 
remained constant tliroughout the study: (1) The culture media were 
approximately uniform in composition: (2) the number of bacterial 
colonies per plate and the area inoculated per colony were the same in 
all cases; (3) the cultures were all incubated at the same temperature, 
22®-24° C; and (4) the bacterial colonics were all seeded with pure 
spores of D. duscoidevrn when 2 to 3 days old. 

DICTYUSTELIUM DISCOIDEUM IN ASSOCIATION WITH COMMON SAPUOPHYTIC 

BACTEKIA 

A comprehensive study of the growth and development of IHdy- 
odelkirn dlseoidevm in association with a large number of different 
species of saprophytic bacteria was undertaken, and for this investi¬ 
gation species belonging to the following genera and families were 
selected: Vibrio, of the Spirillaceae; IWudomonaHj Serratia, Encher- 
Ichidy Aerobader, Achromobader, Cellulomoms, and Chromobaderium, 
of the Gram-negative Bacteriaceae; Bacillus, of tlic Gram-positive, 
spore-forming Bacillaceae; Rhizobmm and Azotobacter, of the nitrogen¬ 
fixing Nitrobacteriaceae; and Sarcina and Micrococcus, of the Coc- 
caceae. A (‘omplete list of the species studied is given in table 1. 

Inoculations with bacteria and subsef(uently with pure spores of 
Dictyostelium discoideuin were made in tlie manner described above. 

The cultures were observed from time to time and a record was 
made of the time at which pseudoplasmodium formation began, of 
the character of the sorocarps produced, and of the total growth of 
Dictyostelium discoideum in association with the several bacterial cul¬ 
tures after sorocarp formation ceased. 

As shown in fig 1. A-D, the son are not true .spheres but, are slightly teardrop or ellipsoid in shape, 
however, the percentage of error in computing them as spheres is small and is proportional for the different 
size groups. 



Table 1. —Comparative growth of Diciyostelium discoideum in afoiociation with different saprophytic bacteria on hay-infusion agar 
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The results of these studies ure suiiunurizecl iind presented in table I, 
the total growth of Dictyosielium being recorded in the average 
number of large, medium, and small soroearps per colony and also in 
the average number of medium-soro<‘arp equivalents. A comparison 
of the amount of growth of Dictyostelium in association with the 
difl’eront bacteria is graphically presented in figure 2, where the 
average total growth per colony is expressed in medium-sorocarf) 
equivalents. 

These studies can best be considered by discussing the growtli and 
development of Dictyosteliwn discoldeum in association with particular 
species or groups of species of bacteria. 

Dictyostelium discoideum grew well and developed normally in 
association with the following species of (Jram-negative non*spore- 
forming bacteria: Pseudomonas fuorescens, two strains of Ps. sclnnjl- 
killiensis Chester, Escherichia coliy Aerohacter aerogenes (Kjuse) 
Beijerinck, Achromohacter glohiformc (CWn) Bergey ct al., and Achro- 
mohacter radiohacter (Beijerinck and Van Dclden) Bergey ct al. In 
all of these cases the bacterial colonies were (‘ompletely consumed by 
the feeding myxamoebae, pseudojdasniodia began to develoj) within 
1)^ to days after the introduction of Dictyostelium spores, and tlu' 
slime mold had virtually ceased growing h\ the sixth or seventh da> 
after its inoculation. The soroearps were* entin^ly normal in pattern, 
with straight, sinuous, or loosely sf)iral sorophores; white to pale 
lemon-yellow' sori; and circular and flattened or comvshaped basal 
disks (fig. 1, A-D). In association with each of tliese bacterial 
species, the growth of D. discoideum was in most cases as abundant 
as wdth Vibrio alkaligineSy the species associated with the original 
culture of the slime mold, and in some cases even more abundant 
(table 1; fig. 2). 

The character of the grow th of Dictyostelium discoideum in associa¬ 
tion with Serrafia marcescens Bizio (Racillvs prodigiosus FluggcM was 
especially interesting. Cpon hay-infusion agar this bacterial species 
produces a dilute-crimson pigmentation. Tlu* pigment is contained 
within the bacterial cells and is not water-soluble. Th(‘ myxamoebae' 
of D. discoideum ingest and digest the cell bodies of S. marcescensy but 
apparently cannot digest the jiigment, which, as a result, colh'cts in 
scattered vacuoles of varying size wdthin the bodies of the feeding 
myxamoebae. These vacuoles of pigment arc not excreted wiien the 
myxamoebae enter the fruiting stage» and consequently the ])seudo- 
plasmodia are distinctly red in color. This coloration persists 
throughout the subsequent migration of the pseudoplasmodia and 
even through the fonnation of tlie fruiting structures, so that the 
niature soroearps are characteristically colored, varying in hue from 
pink to dilute red. In such sorocaips as these the spores tliemselves 
are uncolored, but the slime surrounding them contains i*ed granules 
wdiich lend a red coloration to the sorus as a wdiole. The coloration 
of the sorophore and basal disk consists of minute reddish particles 
winch are applied to the inner surface of the walls of the cells com- 
[nising these structures. Pinoy i7f/) obtained a somewdiat similar 
coloration in 7>. mucoroides by cultivating it with /^. kieli (S. marces- 
censl). 

After it was found that Dictyostelium discoideum producc'd red 
pseudoplasmodia and soroearps when growm in association with 
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Serratia marcescenH, a fultiire of C'hromobacterium violoceuni (Schroeter) 
Bergonzini {Bacillus violaceus S(*hrocter) was procured in the hope 
that fruiting structures of !)lue or violet coloration could be obtained 
in cultures with this bacteriuiu. This objective, however, was not 
realized, for, although 

a fair growth of 29 ^c^er/a/ Cc/Zf^re 

hay-infusion agar, no a//ra//^//7es I 

ingment was i)roduced A9ei/<zcmip/7a's/z^/^rffsce/^s z/^ : 

and the sorocarps 1 hat Ps^^ab/^/^as jc^iz/ZAr/ZZ/e/rs/s 7S yz//Z/ZZ^/z)////^Zz)zM , 

Jll Se'Sr'"'” 

Colonies of I^sev- Psei/ab/7?o/?as aer^/^z/rc^sc/ 

Serraf/a /77arcesce^s 


£scZ7er/cZ//cr coZ/ 

^eroPacfer /7erope/7ei' 
C^/v/mZ?6ycfffr/i//T? 

PcZ^ri!7/;7oZfacZer rasZ/aZttsyc^f^' 
y^cZ^ramZ^acZer n^a'/oPa'C^er ZS8^ 
^rZ^r£f/^oZ?iicfer p/oP//b''' 
Ce//uZ7/7?o^a'S ccZZcrscc/ 
CePc/Za/^i^'TO'S z/fc/a^a 
CeZZ^yZow^o'S f//^a 
Bac/ZZi/s suP^'Z/s 
Scrc/Zc/s 4/^^ 

ScrcPZ^/s .^<Tse»Zifr Cijj 
Bo'c/ZZc/s cZcr'7/C4/s 
Bo'c/ZZi/s cerei/s 
Bac/ZZi/s /r?yco/cZe49 


ZZO 

/07 w/(//MZfMd^m 
3e '4/MmAk^. 


/ss v///////M/'>{/;mZ4A - 

/24 

ZSS^ j I i 1 
zsa"^ ’ 
zo4^^m 


zsz ^z/z^zw^zsmz^ 
zBaWzd^ ; ; 


d () rn o n a s aer ug) n ostt 
(Schroeter) Migulu 
w(‘re partially con¬ 
sumed by tlie feeding 
mvxaiuoebae, and the 
n^sulting sorocarps 
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by the feeding myxa- 
rnoel)ae. I^oor growth 
of I), discoid earn oe- 
(Mirrod in association 
witli C, liquata iMc- 
Beth and Seales) Bergey et al. and C, jima (McBeth and Scales) 
Bergey et ah. but these cultures were particularly interesting 
from another standpoint. After the sorocarps matured, the CelUdo- 
monas attacke<l the cellulose walls of the cells of the sorophores 
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and basal disks of tlie slime mold fructifications. In some cases all 
traces of cellular structure were obliterated, and the identity of the 
sorophore remained only as a very thin-walled hyaline tube, which 
contained rounded vacuoles of varying size. It may be noted that 
the cultures of I>. ducoideum in association with C, jima represent 
the nearest approach to a symbiotic relationship between slime mold 
and bacteria yet encountered among the Dictyosteliaceae, inasmuch 
as at first the myxamoebae fed upon the bacteria while later the bac¬ 
teria decomposed the cellulose walls of the Dictyostelium. In these 
cultures, however, the growth of D. discoideuin was so slight as to 
make a claim of true symbiosis untenable (table 1, fig. 2). 

Among species of the Gram-positive, spore-forming bacilli, good 
growth of Dictyostelium discoideum occurred in association with 
Bacillus megatherium and B, subtilis, as in the preliminary studies 
discussed above; fair growth took place in association with B. mesen- 
tericMs Trevisan and B. danicus Lohnis and Westermann; while only 
poor growth occurred in association with B. cereus and B, mycoides 
Fliigge (table 1; fig. 2). The reduced growth of Dictyostelium in 
cultures with B, mesentericuSy B, danicuSy and B, cereus could largely 
bo attributed to a smaller amount of bacterial growth and, therefore, 
of available food for the slirne mold than was the case in cultures of 
B. subtilis and B. megatherium. On the other hand, B. rnycoides grew 
well upon hay-infusion agar but the colonies were not noticeably 
cleared by the myxamoebae. The writer believes that the limited 
growth of the slime mold in this case can be attributed to the physical 
nature of the bacterial colonics. As is characteristic of B. mycoideSy 
the bacilli were arranged in long chains that were not easily broken 
apart, and consequently the myxamoebae could not readily ingest the 
bacterial cells. There was no indication that the spores of any of the 
bacilli were digested, although in all cases they were ingested in large 
numbers by the myxamoebae. The sorocarps wore of normal pat tern 
in cultures with all bacilli studied. 

Good growth of Dictyostelium discoideum occurred in association 
with Rhizobium mellloti Dangeard “ (isolated from the nodules on the 
roots of alfalfa), and the bacterial colonies were completely consumed 
by the slime mold. On the other hand, only fair growth occurred in 
association with the related species Rhizobium japonicum (Ivirchner) 
Buchanan (isolated from soybean), and the bacterial colonies were only 
partially cleared (table 1; fig, 2). No growth of Dictyostelium what¬ 
ever occurred in colonies of Rhizobium leguminosarum Frank (isolated 
from vetch). An explanation of the lack of growth in this latter case 
has not yet been found; the bacteria grew well upon hay-infusion agar, 
and the physical character of the colonics was not essentially different 
from that of R, japonicumy in which a fair growth occurred. It is 
hoped that a further study of the growth of D. discoideum in associa¬ 
tion with different species and strains of bacteria belonging to this 
genus can be undertaken in the future. 

Fair growth of Dictyostelium discoideum. occurred in association with 
Azotobacter chroococcum Beijerinck, the bacterial colonies were par¬ 
tially cleared, and the sorocarps were of normal pattern; whereas poor 

n The writer recognizes that members of the genus Rhizobium (RticUlus radicicola Beijerinck) are not 
saprophytic bacteria, but Includes them here as a matter of convenience. 
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growth occurred in Azotohacter vinelandii Lipman, the bacterial colo¬ 
nies being only shghtly cleared. 

Dictyostelium dificoid£um grew well in association with Sarcina lutea^ 
the bacterial colonies were wholly consumed, and normal sorocarps 
with yellow sori were produced. D. discoideum grew excellently 
(fig. 2 ) in association with Sarcina flam De Bary but developed more 
slowly than with S. lutea (table 1). 

Moderately good growth of Dictyostelium discoideum occurred in 
association with a culture of a yellow Micrococcus (sp.?), and the bac¬ 
terial colonies were completely consumed. The development of the 
slime mold in these cultures was especially interesting, for a large 
percentage of the mature sorocarps possessed closely spiral sorophores 
of regular and exquisite pattern. 

DICTYOSTELIUM DISCOIDEUM IN ASSOCIATION WITH BACTEKIA ISOLATED FROM 
CULTURES OF THE DICTYOSTELIACEAE 

AVliile studies with common saprophytic bacteria were being con¬ 
ducted, as described above, it was considered worth while to isolate 
the bacteria, from other cultures of the Dictyosteliaceae which the 
writer had in culture and to attempt to grow Dictyostelium discoideum 
in association with them. 

The bacteria associated with the several cultures of Dictyosteliaceae 
were isolated in pure culture by the dilution-plate method. The 
identity of the bacterial cultures thus isolated, together with the 
name and catalog number of the culture of Dictyosteliaceae from which 
each was isolated, is given in table 2. From this table it will be seen 
that, of the writer^s stock cultures of the Dictyosteliaceae, Diciyo- 
helium sphaerocephalum was accompanied by three bacterial species 
and PolysphondyJium pallidum (?) w'as accompanied by two species 
of bacteria, wliereas all the others w'ere accompanied by single bac¬ 
terial associates. Ckmversely, three slime mold cultures were asso- 
<*iatcd with Vibrio alkaliyineSy three with Flarobacterium denitrificaus 
(Lehmann and Neumann) Bergey et al., two with Pseudomonas 
Schuylkilliensis^ two with Aerobacter or Achromobacter sp., and one 
each with Ps, convexa (liester, Bacillus circulans Jordan, and F, bnc- 
calls (Vignal) Bergey et al. There was no evidence iiointing to an 
intimate relationship between the slime molds and the bacteria asso¬ 
ciated with them. It is interesting to note that Ps. fliwrescenSf which 
Xadson (7^), Pinoy (15,10), and Skupienski (20, 21) found habitually 
associated with D. mucoroides in Europe, did not occur in a single one 
of the writer's 10 cultures of Dictyosteliaceae from the United States 
(table 2). 

Inoculation with bacteria and the introduction of pure spores of 
Dictyostelium> discoideum into the resulting bacterial colonies were, 
accomplished in the manner already described. 

Specific determinations made by N R '^nnth 
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The results of tliese studies are summarized in table 2. The time at 
which pseudoplasmodium formation begjan is recorded; the character 
of the sorocarps is ^iven; and the amount of growth of Dictyostelium 
discoideum in association with the several bacteria is recorded in the 
average inimber of medium-sorocarp equivalents as well as in the aver¬ 
age number of large, medium, and small sorocarps per bacterial colony 
into which I)ict\fostelium was introduced. As in the preceding 
sttidies, the values given are averages obtained from detailed counts of 
20 colonies for each bacterial culture. A graphic comparison of the 
growth of D. dhcokleuin in association with the several bacterial 
cultures is given in figure 3. 

As shown in table 2, Dniyoxtd'nmi discoideum grew in associa¬ 
tion witli each of the bacterial cultures isolated from members of 
the 1 )ic tvost elia cea e. 

Tlie growth of the 
slime mold varied ap¬ 
preciably with the 

d ilferen t cultures. 

(’’onsidering the study 
as a whole, ap])roxi- 
mately average 
growth of I>. disco!- 
(leu/m occurred in as- 
sociation with the 
strain of \"lhrio alhi- 
liijitKs^ \o. 4.1, 

wliich was isolated 
from the tyjK* culture 
of this slime mold. 

The (*olonies of the 
three strains of Mbrio 
a Ikalig! n es s t u d i d 
were not wholly con¬ 
sumed by the JJIcti/o- 
s(flluf7i, whereas the 
colonies of all other 
bacteria isolated from 
menibers of the Dictyosteliaceae were completely devoured by the 
feeding myxanioebae, and the growtli of the liictyosteUuvt w^is in 
direct proportion to the grow th of the associated bacteria. 

Pseudoplasinodia began to develop in 1 days after spores of 
DictyosieVmm were introduced into colonies of Aerohacter or Achromo- 
sp. and s])ecies of Pseudomonas, wdiereas they did not ai)p(‘ar in 
colonies of the three strains of Vibrio atkaliyines until 3 days after 
spore inoculation. . In colonies of Bacillus circnlans, Flarobacferium 
buccaliSf and K derntrificans, the rate of development of the slime mold 
was intermediate between the above-mentioned extremes. 

Nonnal sorocar})s were produced in association with each culture of 
bacteria isolated from the Dictyosteliaceae. In all cases the sorocarps 
were characterized by evenly tapered, straight, sinuous, or loosely 
spiral sorophores; circular and flattened or cone-shaped basal disks; 
and white to pale lemon-vellow’ son (table 2; fig. 1, A-D), 
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The 2 :rowtli and development of DictifoMiurn dimndeum in these 
cultures corresponded closely with that in cultures with common 
saprophytic bacteria, botli witli respect to the amount of growth 
present and with regard to the pattern of the sorocarps. Tliere was no 
indication that bacteria which had been isolated from tlie Dictyoste- 
liaceae w ere favorable for I), dhcoideum to a greater degree than com¬ 
mon sapropliytic bacteria, wdiich, so far as known, had never been 
associated wdth a slime mold. 

NUTRITION OF DICTYOSTELIUM DISCOIDEUM 

FEE[)ING HABITS OF THE MYXAMOEBAE 

Because of its large size, Bacillus megatherium w'as selected as a 
favorable form wdth which to study the manner in w hich myxamoebae 
of this grouj) feed upon the bacteria that accompany them. Such an 
investigation seemed particularly iiertinent because of the disparity 
in results obtained by Potts {17) and Pinoy (16) with the related 
species, Dictgostelium mucoroldes. 

Hanging-droj) cultures were employed for this investigation, and 
hay infusion and hay-infusion agar were used as nutrient media. 
Bacillus megatherium and pure spores of Dictgosfelium discoideum 
were inoculated together, and the growth of the slime mold w'as 
subsequently followed in microcultures by means of a Zeiss water- 
immersion lens. Corroborating the earlier work of Vuillemin 
Pinoy (76'), and Skupienski {!2t)j it was found that the bacterial cells 
were ingested by the myxamoebae and digested in vacuoles w ithin the 
amoeboid bodies. 

The ingestion of bacterial cells and the subsequent firogressivc^ 
digestion of the same wdthin the bodies of living myxamoebae coidd 
readily be followed. Different stages in the ingestion and digestion 
of cells of Bacillus megatherium are shown in figure 4. Figure 4, .,1, 
shows a myxamoeba shortly after its germination and before active 
feeding has begun; the hyaline ectoplasm {ect)j the finely granular 
endoplasm (end), and the contractile vaiuiole (cr), are showui. Tin* 
ingestion and digestion of bacilli by the myxamoebae of Dictgostelium 
discoideum is clearly shown in figure 4, B\-B7, The figures of thi< 
series show’^ the same myxamoeba at approximately 10-minute intervals 
over a period of 05 minutes. In figure 4, 7^1, is shown a food vacuole 
(cl) of recent formation, and in the successive figures of the series the 
progressive digestion of the bacteria contained within it can be fol¬ 
lowed. Also sliown in figure 4, ^1, is the beginning of the ingestion 
of a chain of five bacilli. In figure 4, /i2, the process of ingestion is 
further advanced, and in figure 4, 778, the first three cells of the chain 
have been cut off into a food vacuole (r2), and the digestion of th(‘ 
bacilli contained in it can be followed in the successive figures of the 
series. In figure 4, 7f4, the last two cells of the chain have been 
been completely ingested and are contained in a third food vaciiole 
(;vS) and the jirogressive digC'^tion of its contents can likewise bt‘ 
followed. 

From this series of figures a conception can be gained of the rapidity 
with which feeding, that is, the ingestion and digestion of bacteria, 
occurs; for in the course of approximately an hour, five bacilli w^ere 
ingested and almost completely digested. The w'riter’s studies indi- 
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cate that ingestion usually occurs at some point upon the anterior 
portion of the myxamoeba, but can occur and often does occur at any 
point upon the body surface. It should be remembered, however, 
that anterior and posterior regions in these amoeboid bodies mean 
little, since the identity of the two changes constantly. 

During the digestion of Bacillus megatherium colls, certain changes 
in the form and content of the food vacuoles are regularly to be ob¬ 
served. These changes are shown diagrammatically in figure 4, Dl 
to 7>G. First, two bacilli are seen enclosed end to end in an elongate, 
ellipsoid vacuole. The vacuole tends to become spherical, and the 
two liacteria become separated and so displaced that they lie with 
their long axes either perpendicular or parallel to one another. During 
this time the vacuole becomes progressively smaller, and meanwhile 
an interesting change regularly takes place within the bodies of the 
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eu(»losed bacteria. Digestion first becomes evident near the middle 
region of an engulfed bacillus and becomes su(*cevssively more distinct 
until the bacterial cell is completely digested at this point. The frac¬ 
tions of the original bat'illus become more and more reduced in size 
and usually become further fragmented, while the vacuole becomes 
progressively smaller and finally disappears within the granular 
endoplasm of the myxamoeba. 

Myxamoebae of Dictyostelium discoideum ingested and rapidly di¬ 
gested the vegetative cells of Bacillus megatherium^ while the spores, 
although ingested in large numbers, were not digested (fig. 4, C). 

Tlie results of the writer^s investigation upon the manner of feeding 
in Dictyostelium discoideum are in agreement with the studies reported 
by Vuillernin (^^), Pinoy (16*), and Skupieriski {21) for I), mucoroide.s, 
while they w^ere in marked disagreement with the results report ed Iv^ 



306 


Jonrml oj Agricultural Eemirch 


Vol 56, no. 4 


Potts (i7), who reported that the bacteria were digested extracollularly 
by the myxamoebae of 1). mucoroides. 

In this connection it is interesting to note that in the Myxogastrales, 
a related order of the Mycetozoa, a somewhat similar ingestion and 
digestion of bacteria by the swarm cells occurs. This was first observed 
by Lister (P) and has since been studied in detail by Gilbert (4, and 
Smart.^'^ 


GROSS CLEAR\NrE OF BACTERIAL COLONIES BY THE MYXAMOEBAE 

Working with Dictyosfelhim mvcoroidesj Potts (77) was the first to 
report the clearance and consumption of bacterial colonies by the 
myxamoebae of the Dictyosteliaceae, and this observation led to his 
discovery that I), mucoroidefi was (lependent ujion bacteria for its 
nutriment. In (he case of 1). discoideum the writer has found, as has 
been noted, that when spores of this slime mold are inoculated into 
colonies of bacteria upon hay-infusion agar the colonies are completely 
consumed in the majority of cases. Tyjiically, the clearance of the 
colonies occurred in the following manner. After spores of 1). dis- 
coideuin arc inoculated into the center of the bacterial colony, the first 
macroscopic evidence of the growth of the slime mold appears, approxi¬ 
mately 18 to 24 hours later, as a small, cleared area at the point of 
inoculation. During the succeeding 18 to 24 hours, this area expands 
and the formerly smooth central area of the colony, now largely devoid 
of bacteria, becomes dull and minutely roughened. At the end of 
this period of approximately I'j to 2 days the myxamoebae at the 
center of the colony begin the formation of pseudoplasmodia, and at 
the same time the cleared area is enlarged as the result of continued 
feeding by the remaining myxamoebae. 

Among the factors that influence the rate and extent of clearance 
of the bacterial colony by the myxamoebae of DidyosfcUum dl^^coideuni^ 
may be listed (1) the character of the bacterial growth and (2) tln^ 
composition of the underlying medium. It has already been noted 
that I), discoideum is able to feed only nieagerly upon Bacillus rnycoides 
because of the mycoid character of the liacterial growth and that the 
colonies of that species are not noticeably consumed. Also, />. dis- 
coideurn grows poorly or not at all in bacterial colonies characterized 
by the presence of a large amount of gum. An investigation is now 
in progress on the influence of the composition of the medium on tl:e 
rate and extent of colony clearance. 

UTILIZATION OF KILLED BACTERIA BY THE MYXAMOEBAE 

In the foregoing studies, Dictyostelium discoideum was in all (‘ases 
grown in colonies of living bacteria, and the (juestion arose as to 
whether living bacteria were essential to the growth of the myxamoe¬ 
bae and the siibsequenl dcvelo])ment of a sjiecies oJ’ the Dictyosteli¬ 
aceae. Some studies of a somewhat similar nature were made by 
earlier investigators. Potts (17) reported that I), mucoroides could 
grow upon cells of Bacterium fimbriatnm that had been killed with 
chloroform but could not grow upon similar cells killed with alcohol or 
ether, tuicl could not grow upon cells of Bacillus megaiherivm that had 
been killed by any agent. Pinoy (l(i) reported that I), mucoroides 

13 Smart, R F the iMFLi KNf k (»f external factors on the rehavior and devel()i»me:nt of thf. 
MYXOMYLETKS rnpuhlMjcd Thesis, Ph 1>. Harvard ^njve^sJl^. 1«3.5 
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could uot grow upon cells of BaciUus fluorescenn Hqu^facmiH that had 
been killed by ether, chloroform, or other agents, and that the slime 
mold could grow only in the presence of living bacteria. The writer, 
therefore, undertook to determine whether D. discouleiirn could feed 
upon killed bacteria and, if so, wdiether normal development of the 
slime mold would subsequently take place. 

Serratia marcescens and Achromobncter radiobacter were chosen for 
this study. Two experiments were jierfornied, the bacteria in one 
being killed by heat and in the other by ultraviolet light. In the 
first of these experiments, colonies of the above-n.entioned bacteria 
were allowed to develop for 8 days upon hay-infusion agar in Petri 
})lates. At the end of that period the cultures, with the dish covers 
removed, were exposed to flowing steam in the autoclave for 10 
minutes. The plates were then carefully removed in order that the 
floating bacterial colonies would not sink into the melted agar, and 
the medium was allowed to resolidify. To make certain the bacteria 
had been killed, nutrient agar tubes were inoculated vdih bacteria 
taken from the several colonies. When it was found that no viable 
bact(»ria remained, pure spores of DictyosteVnim discoldeum were intro¬ 
duced into the bacterial colonies. (too<1 growth and normal develo])- 
ment of />. discoidenni occurred in the colonies of killed bacteria. 
The (‘olonies were consumed in a manner similar to that already 
described for colonies of living bacteria. 

In the second experiment, colonies of the above-mentioned bacteria 
were grown u])on hay-infusion agar for .8 days and were then ex})osed 
to ultraviolet light.As described above, nutrient agar tubes were 
inoculated with bacteria from the exposecl colonies to make certain 
that the bacteria had l)een killed. Piire spores of Dictyosfelivm 
dlscoid(in/i v\(‘re then introduced into the ex])osed colonies and into 
similar colonies that had been shielded from the \iltraviolet light. 
Better growth of />. dtscoldenni occurred in the shielded (living) 
colonies than in the exj)osed (killed) colonies, but the development of 
the slime mold in the exposed colonies was entirely normal in character 
and sorocar])s of normal pattern were })roduced (fig. 1, A D). 

UTILIZVTION OF NUTRIENTS IN SOLUTION BY THE MYXAMOEBAE 

Since the myxamoebae of Dictyostelium discoideum, contrary to what 
Pinov {If)) rejiorted for D. mucoroides, were not obligately dejiendent 
u])on living bacteria, the jiroblem arose as to whether bacteria were 
really essential for the grow^th and development of species of Dictyo- 
steHum. Although limited time has prevented the writer from investi¬ 
gating this point exhaustively, some pertinent infoimation has been 
obtained. 

Bacteria-free sjiores of Dictyostelium discoideum were rejieatcdly 
inoculated ujxm v arious infusion media made from hay, dung, potatoes, 
carrots, peas, mushrooms, or yeast, and upon a number of synthetic 
media containing varying amounts of peptone and some carbohydrate. 
With t wo exceptions, no growth wdiaiev^er of the Dictyostelium occurred 
in such cultures in the absence of bacteria, and in the two exceptions 
the growth of the slime mold was very slight. These excejitions 
occurred under the following circumstances: (1) I pon an agar medium 
made from the broth of canned green peas, a very limited vegetative 

The writer is indebted to Or. William Arnold for making the light exposures. 
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growth of the myxamoebae occurred; the myxanioebae, however, 
remained widely scattered and no pseudoplasmodia whatever were 
produced. (2) A very limited grow^th of I), discoideum occurred in 
the absence of bacteria upon media containing 1 percentr of lactose 
and from 3 to 5 percent of peptone; here again, myxamoebae were 
few in number and scattered; however, a few micropsoudoplasmodia 
developed, and from these minute sorocarps were formed. 

A third experiment was perlbrmed in order to determine whether 
the myxamoebae could feed upon products which were of bacterial 
origin but which were not contained within the bacterial cells. Large 
colonies of Escherichia coli were grown upon a favorable medium and 
when 3 days old were scraped off and suspended in approximately 
10 volumes of water. This suspension was vigorously shaken and 
was then filtered through an L2 Chamberland filter. The unheated 
sterile filtrate was solidified with sterile agar, and Petri plates of tliis 
medium wore subsequently inoculated with pure spores of Dictyo- 
stelium discoideum, wSpore germination occurred, but no vegetative 
growth of the slime mold took place. Thus it was indicated that 
soluble products resulting from bacterial growth could not be used as 
nutriment by the myxamoebae of D. discoideum. 

The writer’s results obtained with peptone-rich agar arc especially 
interesting, since Nadson {12) reported a meager growth of Dictyo- 
stelium mucoroides in the absence of bacteria in a solution containing 
phosphates and 5 percent of peptone. The correctness of Nadson’s 
work was later questioned by Potts (17) and Pinoy (IG), on the basis 
of their studies with that slime mold. 

The studies reported by Nadson (12) on Dictyostelium mucoroides 
and the writer’s studies on D, discoideum would indicate tJiat through 
continued study some synthetic medium will probably be found upon 
which a fair growth and normal development of the Dictyosteliaceae 
can take place in the complete absence of bacteria. 

RELATION BETWEEN DICTYOSTELIUM DISCOIDEUM AND 
ASSOCIATED BACTERIA 

A role of importance was first attributed to the accompanying 
bacteria by Nadson (12), who, working witli Dictyostelium mucoroides 
in association with Bacillus jluorescens liquefaciens, reported that the 
slime mold and associated bacteria were symbionts. He believed 
that the bacteria favored the Dictyostelium by creating an alkaline 
reaction in the culture, while the Dictyostelium. favored the bacteria 
by supplying them wdth foodstuffs in the form of mucus, empty spore 
cases, etc. Skupienski (21) likewise considered D, mucoroides to be 
symbiotic with the associated bacteria. He based his beUef upon the 
following points: (1) D, mucoroides was always associated with bac¬ 
teria and the habitual associate was a single species, B, jluorescens 
liquejaciens {12j 15, 20)) (2) bacteria were often seen clustered at the 
posterior end of the myxamoebae in the region of the contractile 
vacuole, and this he interpreted as indicating that the myxamoebae 
excreted something that favored the bacteria. 

Potts (17) observed that Dictyostelium grew only in the 

presence of bacteria and that it consumed the bacterial colonies in 
which it fed. He foimd no evidence to mdicfj.te that the bacteria 
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piinod anythin^;: from the association, and concluded that since the 
slime mold could grow with at least four different species the relation¬ 
ship could not be one of symbiosis. 

In terming Dictyostelium mucoroldes a “bacteriophage^^ Vuilleinin 
obviously considered the relationship as one approaching parasi¬ 
tism of the bacteria by the slime mold. Going one step further, 
Pinoy {IG) reported that the Dictyosteliaceae studied by him could 
grow only in the presence of living bacteria and considered that tiie 
myxamoebae were truly parasitic upon the bacterial colonies in 
wliich they grew. 

If Ward’s definition, that symbiosis is the cooperation of two 
associated organisms to their mutual advantage, is accepted, the 
writer’s investigations gave no indication of a true symbiosis between 
Dictyostelium discoideum and any of the bacteria that have at different 
times accompanied it. As has been shown, the myxamoebae of this 
sj)ecies ingested and digested the associated bacteria, and the colonies 
of bacteria were in the majority of cases completely consumed. On 
the other hand, there was no evidence that the growth of the accom¬ 
panying bacteria was enhanced in any way by the presence of the 
slime mold. Further, the fact that D. discoidenm grew equally well 
with many species of bacteria f>oints to an absence of symbiosis. If 
any degree of symbiosis had existed between the slime mold and the 
accompanying bacteria, the following conditions should have pre¬ 
vailed: (1) D. dlscoldfuin should have grown better in association 
with Vibrio (ilkalUjlues^ the bacterium that accompanied the original 
culture, than in association with bacteria isolated from other species 
of DlciyostelUnn; (2) D, dlscoidenm should have grown better in 
association with bacteria isolated from other species of Dictyostelium 
than in association with bacteria isolated from species of the related 
genus Polysphondylium; and (3) D, discoldeum should have grown 
better in association with bacteria isolated from species of the Dic¬ 
tyosteliaceae in general than in association with the bacteria that, 
>o far as known, had never been associated with these slime molds. 
As clearly shown by the experiments discussed abov(% such results 
wen* not obtained (tables 1 and 2). 

On evidence from his own studies, the WTiter is led to consider the 
relationship between the two organisms as one of a modiiied or s})e- 
cialized ty|>e of parasitism of bacteria by the myxamoebae The term 
“modiiied parasitism” is used because one does not usually think of 
an organism being parasitized by another organism of greater size 
that its(*lf. On th(* other hand, if one considers a bacterial colony as 
a distinct entity in itself rather than as an assemblage of individuals 
(i. e., bacterial cells), then Pinoy's view that the myxamoebae are 
parasitic tipou colonies of bacteria is thoroughly accurate. Perhaps 
more correctlv the myxamoebae should be regarded as predatory on 
the ba(*teria. 

It is often convenient to refer to the associated bticteria as “host” 
to tlie Dictyosteliumy and to the different bacteria with which D. 
discoldeum will grow as its “host range.” It should, however, be 
remembered that these terms are not used here in the usual sense, 
for, as in the case of parasitism, one does not usuall}^ think of an 
organism being host to a much larger organism than itself. 
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DISCUSSION 

Because of certain iiniciue features in its developmental history, 
Dictyostelium. discoideum is a peculiarly favorable species with whi(‘h 
to study problems pertaining to the relation between a member of the 
Dictyosteliaceae and the bacteria that accompany it. The vegetative 
stage in this and other species of the genus is indistinguishable; and 
similarly, the formation of pseudoplasmodia in 1). dUcoideum is like 
that in other Dictyostelia. After the formation of the pseudoplasmo¬ 
dia, however, marked differences in behavior occur. The compact 
pseudoplasmodium of D. dimddeum typic^ally leaves the bacterial 
colony in which it develops, migrates for a greater of less distance 
across the agar surface, and then builds an erect sorocarp. On the 
other hand, the pseudoplasmodia of other species of the Dictyostelia¬ 
ceae do not migrate, but build their sorocarps directly from the points 
of origin of the pseudoplasmodia within the bacterial colony. From 
the standpoint of cultural studies tins difference is of the greatest 
importance. In migrating across the agar surface, the j)seudo- 
plasmodium of D. discoideutn divests itself of bacteria and subsequently 
forms an isolated sorocarj) upon the sterile agar surface. Such soro- 
car])s regularly bear spores that aie free from bacteria. In other 
species, where tlu^ base of the stalk always remains within the bac¬ 
terial colony, bacteria are carried up the sorocarp during its formation 
*or ascend the sorocarp shortly after its devehipment is complete, and 
the spores borne by it are not regularly free from bacteria. 

Ihctyoi^telium discoideunt can at will be ])lacedin ptire-niixed culture 
with any pure culture of bact(Tia sim])ly by inoculating spores from 
isolated sorocarps into colonies of the selected bacteria. The ease of 
this operation stands in sharp contrast with the methods employed 
by Potts (17) and Finoy (Ul) for securing pure-mixed cultures of /> 
mucoroldes in association witli bacteria other than those with which 
they isolated the slime mold. Potts (/7) initially isolated />. ?//?/- 
coroides in association with Hacierium firnbfiatutn. To secure a culture 
of the slime mold in association with Bacillus tneyatherium alone, he 
cultured Dictyosteliuvi in su(‘<tessive colonies of B. inegatherium until 
Bad. jimbriatum was wholly eliminated. The techni([ue emj)loyed 
by Pinoy (16) was likewise tedious. I), mucoroides was grovn in pure- 
mixed culture with B. fuorescens Hqueiaciens^ and spores from such 
cultures were suspended in w’^ater and drawn into capillary tubes, 
which were subsequently ex])osed to a temperature of r)()^ C. for 2 
minutes. This exposure, according to Pinoj^'s report, killed the bac¬ 
teria, while the majority of the spores of 1). mneoroides remained 
viable, t'onversely, Skupienski (;^0) re])oi*ts that he attempted to 
free spores of the same slime mold from B. fuorescens liquejaciens by 
this method and found that the bacteria were more heat-resistant 
than the Dictyostelium spores. 

The present studies show' that a member of the Dictyosteliaceae can 
grow in association with a m\ich greater number and with a wider 
range of bacterial species than wiis known from previously published 
works, Nadson {12), Vuilleinin { 24 ), and Skupienski {20, 21) cidti- 
vated Dictyostelium 7nucoroides in association only with the fluorescent 
bacteria with which they isolated the slime mold. Potts {17) suc¬ 
ceeded in growing the same slime mold in association with three 
species of bacteria other than Bacterium fmbriatuw, w'hich originally 
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accompanied his culture of Dietyostelium. Pinoy (15, 16) isolated D, 
rnucoroides with Bacillm fluoreHcena liquefaciens and subsequently cul¬ 
tivated it in pure-mixed culture with seven additional species of bac¬ 
teria. With the single exception of Rhizobium leguminosarum, the 
writer succeeded in growing I), discoideum in association with each of 
the 42 pure cultures, representing 32 species of bacteria, which were 
investigated in this survey. Included among this number were a 
large number of common saprophytic forms and several bacteria 
that had been isolated from cultures of Dictyosteliaceae. From the 
standpoint of classification and natural groupings, the s]>ecics studied 
included members of the following families (after Bergey et al. (/)): 
Bacteriaceai^ Bacillaceae, Coccaceae, Spirillaceae, and Nitrobac- 
tcriaccae (tables 1 and 2). 

Particular attention was given in the present study to establishing 
standardized c.ulture praidices and metliods that would enable one 
to study and compare quantitatively the growth of a species of the 
Dictyostcliaceae in association with different ba(*teria. Objections 
may possibly be raised to the methods employed. However, after 
extended study of the problem, the writer is convinced that so long as 
the culture medium is kept uniform in composition and in the amount 
used per plate and so long as the number of colonies and the disposi¬ 
tion of these colonies on the culture plate are kept constant, the number 
(and size) of sorocarps produced ])er bacterial colony affords the most 
rc'liable and the most c.onvenierit measure of the growth of a species 
of the Dictyostcliaceae. 

Appreciable variation in tlie amount of growth of DictyoHielium. 
dl^coideurn occurred in association with the different bacterial species, 
and evi'ii with difl’erent strains of the same species (figs. 2 and 3). 
This variation in growth of the slime mold could be attributed either 
to the amount of bacterial growth or t(» the availability of the bacteria. 
In the majority of cases, the bacterial colonies were wholly consumed 
and the amount of Diciyostelium grow'th w as directly proportional to 
iho amount of bacterial grow’th. In other <‘,ases, the (conditions 
Avithin the bacterial colonii^s were not entindy favorable to Dictyo- 
sUlhim and factors other than the quantity of bact(*ria governed the 
amount of gnnvth of />. dlscoidenm. 

When groAvn upon hay-infusion agar, (iram-negative and Gram¬ 
positive bact(uia alike afforded favorable nutriment for Dictyomtellum 
discoideinn. Thus the WTiter’s invc'stigations (*orroborate, in this 
regard, the results obtained earlier by Potts (77), w’ho n^ported that 
/>. rnucoroides grew' w'ell Avith either Gram-negative (liacilhis fluores¬ 
ce n.ft liquefaciens and Bacterium hmbriatum) or Gram-positive (Bacil¬ 
lus subtilis and B. megatherium) bacteria. Contrary to tlu^se results, 
Pinoy (16) reported that D. rnucoroides could not grow with Gram¬ 
positive bacteria (B. subtilis and B. rnegatherium), and attributed 
Potts^ (17) earlier success to impure cultures in Avliich small Gram¬ 
negative bacteria accompanied unnoticed the larger Gram-positive 
bacilli. Vuillemin (24) and Hnoy (16) attempted unsuccessfully to 
grow D, rnucoroides in pure-mixed culture AAith B, pyocyaneus, wdiereas 
the writer su(‘ceoded. in cultivating />. discoideum in association with 
this bacterial species. 

What, them, is the explanation of this lack of agreement among 
students of the Dictyosteliaceae? Can the disparitjr in results be 
explained by an essential difference between Diciyostelium mumroides 
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and D. discoidevm in their ability to feed upon certHiii bardoria? 
The writer’s studies do not indicate siioli an explanation, for in his 
experience tlie growth of D. mv^oroides and I), ducoideuryi in associa¬ 
tion with the same bacterial species upon the same medium was 
comparable both in amount and in vigor. Furthermore, Potts and 
Rnoy obtained results which were diametrically opposed oven when 
they studied the same species of slime mold (/). rnucoroides) in asso¬ 
ciation with the same species of bacteria {Hacillus and B. 

megatherium ). The writer believes that the primary explanation of the 
difference in results obtained by students of this group consists 
neither in a difference between the species or strains of Dictyostelium 
studied nor in a difference between tlie strains of bacteria investi¬ 
gated, but in the difference between the media employed as substrata 
for the bacteria. Potts (17) used maize-extra(‘.t media and noted 
that its (diief advantage resided in the fact that its nutrients were 
relatively unavailable to the bacteria tested. The nutritive composi¬ 
tion of the hay-infusion agar employed hy the writer is not known, 
but it was not a rich medium and the nutritive materials it contained 
were not of a type that would be readily available to the bacteria 
studied. Upon the basis of the writer’s studies with 1). dUcoidevm 
the following conclusion can be stated as a general rule The more 
dilute a medium is in nutrients, or the less ac(*essible its nutrients 
are to a large number of different bacterial speedes, the more probable 
it is that a member of the Dictyosteliaceae will l)e able to gro\v in 
association wdth a large number of bacterial species upon that medium. 

It is on this l)asis that the writer believes the difference in lesults 
obtained by students of the Dictyosteliaceae are to be explained. 
To understand the whole situation, the (composition and the con¬ 
centration of the media and the fermentivo ability of the assoidated 
bacteria must be knowm. This matter is now Ixdng investigated. 

Contrary to the view^s of Nadson (12) and Skupienski {21)^ wlio 
worked with Dictyoytelium mucoroideH, the writer found no indication 
of a symbiotic relationship between I), discoideutn and the bacteiia 
with which it was associated. Rather, the myxamoebae of the slime 
mold should bo considered as i>redatory upon the accojn])anying 
bacteria. This view, in general, conforms to those earlier set forth 
by Potts (/7), Vuillemin (24), and J^noy (16), There was no indica¬ 
tion that I), dificoideum couhl grow better in association with ba<‘t.eria 
which had l)een isolated from (uiltures of Dictyosteliaceae than in 
association with common saprophytic bacteria which, so far as know'n, 
had never been assexiated with slime molds. Furthermore, there w as 
no indication that the Dictyosteliaceae are habitually associated in 
nature with the fluorescent bacteria as indicated by the investigations 
of earlier workers (12, 15, 20, 24 ), The evidence would indicate 
that it is purely a niatter of chance what soil bacteria the slime mold 
happens to be growing with at the time isolation is made. It is not 
considered significant that the majority of the writer’s cultures of the 
Dictyosteliaceae were associated with single species of bacteria 
(table 2), for other species of bacteria, wiiich probably accompanied 
the slime molds at the time of their original isolation, <x)uld have 
been weeded out by the repeated transfers incident to laboratory 
cultivation. 

Finally, the question arises conceniing the possible significance of 
the fact that Dictyostelium discoideum is able to grow- in association 
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with a large number of bacterial species belonging to widely separated 
groups. IJ, discoideum is not widely distributed in nature and it is 
probable that this slime mold is not an active constituent of the soil 
flora. On the other hand, from the work of Raper and Thom {19) it 
is known that other species of this group are common in soil and in 
decaying vegetation, and it is possible that these may play a more 
important role in soil economy than has hitherto been attributed to 
them. Assuming that such common forms as D, mucoroides and 
Polysphondylium violaceum can likewise feed upon an equally wide 
variety of different bacteria, it is entirely possible that under certain 
circumstances they may alter the bacteriological population of the 
soil appreciably. 

Another significant [)oint brought out by these studies consists in 
the fact tliat Dictyostelrum discoideum is shown to be an exceptionally 
favorable organism with which to study experimentallv the relation 
and interaction between a small amoeba (i. e., myxamoeba) of the soil 
and the bacteria upon which it feeds. The following characters 
recommend it for such experimental studies: (1) It is easily cultivated 
in th(‘ laboratory; (2) it will feed upon a wide range of bacteria 
l)elonging to diverse groups when these are grown upon favorable 
media; (3) it can be juaced in pure-mixed culture with any bacterial 
species at will by selecting isolated sorocarps as s])ore sources; and 
(4) it forms charachMistic fruit structures which immediately identify 
the species. 

SUMMARY 

Dictyostelium discoideum regularly grows within the limits of 
l)acterial colonies, but the pseudoplasmodia typically leave the 
bacterial colonies in wiiich they develop and migrate for a greater or 
less distance across the agar surface before forming sorocarps. 

louring their migration, the pseudoplasmodia divest themselves of 
all bacteria, anil the spores borne in sorocarps formed at a distance of 
0.5 cm or more beyond the limits of the bacterial colony are regularly 
free from bacteria. 

The tvpe culture of D. discoideum was accompanied by the single 
bacterial species ^*ibrio alkaligines Lehm. and Neum. However, by 
selecting isolated sorocarps, which are bacteria-free, as spore sources, 
the slime mold (‘ould be readily grown in pure-mixed culture with 
other bacteria. 

Standardized culture practices were employed and methods were 
develo]>ed wdiereby the growth of D. discoideum in association with 
different baideria could be quantitatively compared. The amount of 
grow^th was ascertained by determining the average number of large, 
medium, and small sijrocarps per colony. Quantitative comparisons 
of the growth with different bacterial associates were made bj^ con¬ 
verting the sorocarps of all sizes into terms of medium sorocarps. 
For such a unit the term ^^medhim-sorocarp equivalent'' has been 
used. 

D, discoideum was grown in association with a large number of 
saprophytic bacteria, including representatives of such diverse groups 
as the Gram-negative, nonspore-forming Bacteriaceae, the Gram- 
positive, spore-forming Bacillaceae, the Coccaceae, the Nitrobacteria- 
ccae, and the Spirillaceae. 
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In the majority of cases, the bacterial colonies were completely 
consumed by the feeding myxamoebae, and the amount of growth of 
D. discoideum was directly proj)ortional to the growth of the bacteria. 
In other cases, the amount of growth was governed by the physical 
character of tlie bacterial colonies or by unknown factors. 

D, dimndeum grew well in association with either Gram-negative 
or Grani-])ositive bacteria. On the whole, somewhat better growth 
occurred with Gram-negative than with Gram-positive species. How¬ 
ever, there were exceptions to this rule, for very poor growth of the 
slime mold occurred with some Gram-negative species, whereas very 
good growth occurred with some Gram-positive forms. 

The growth and development of D, dwcoidenm in association with 
bacteria isolated from other members of the Dictyosteliaceae closely 
resembled that with common saprophytic bacteria. There was no 
indication tliat the Dictyosteliaceae were regularly asso(^iated in 
nature with any particular species or group of bacteria. 

The sorocarps were essentially alike in all cultures studied except 
those with Serratia rnarcemnfi, where the sorocarps were of normal 
form but were red in color owing to the presence of a bacterial pigment, 
and those with Micrococcuht sp., where the sorocarps were of normal 
color but were characterized by closely spiral sorophores. 

The myxamoebae of I), dlf<Ci>ldeiitn feed by the ingestion and 
^ligestion of bacterial cells. Spores of the Gram-positive bacilli are 
ingested but are not digested. 

The myxamoebae of D, diKcoUleum can feed u|)on bacterial (‘ells that 
have been killed by heat or by exposure to ultraviolet light; a h^ss 
Ixuriant but normal growth and development of th(‘ slime mold 
occurs in such cidtures. 

A very meager and abnormal \egetative growth of I), d'tmyideum 
was obtained upon pea-broth agar and upon j)eptone-rich agar, in the 
total absences of ba(‘teria. 

The myxamoebae of I), dlscold(um are predatory upon the accom¬ 
panying bacteria and then* is no indication that the bacteria gain 
anything from tJieir as.sociation with tht* slime mold. Therefore, the 
relationship between the two organisms cannot be r(*garded as one of 
symbiosis. 

Z). discoideum affords a particularly favorable organism with which 
to study problems pertaining to the relation between a small amoeba 
of the soil and the bacteria upon wliich it feeds. 

Species of the Dictyosteliaceae may be capable of appn^ciably 
altering the bacteriological flora of decaying vegetation in soils, 
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SUSCEPTIBILITY TO CRONARTIUM EiBIGOLAr-W'^HE 
FOUR PRINCIPAL RIBES SPECIES FOUND WITHIN THE 
COMMERCIAL RANGE OF PINUS MONTICOLA* 

By J. L. Mielkk atnl T. W. Childb, assistant pathologists, and H. G. Lachmund, 
formerly pathologist, Division of Forest Pathology, Bureau of Plant Industry, 
United States Department of Agriculture^ 

INTRODUCTION 

Whito-pine blister rust (Croriartium ribicola Fiscli.) was discovered 
in western North America in the fall of 1921 (/).® By that time it 
had become distributed in eastern North America over a large section 
of the range of northern white pine (Pinus strobus L.)> where measures 
were being energetically applied for its control (IS, pp, 80-90). 
flarlier reconnaissance for the disease in the western portion of the 
continent had given negative results, and as for some years rigid 
quarantines had been in elFect to prevent its introduction into western 
territory, hope was felt that the West, with its magnificent stands of 
western white pine {P. r/ioritirola Dougl.) and sugar pine (P. Inwber- 
tinna Dougl.) might be kept free from this destructive parasite 
(13y p. 82). Scouting in 1922, however, showed the disease to be widely 
distributed on ribes^ in the coastal region west of the Cascade Range, 
from southw(^stern Washington to the northern end of Vancouver 
Island in British Columbia, and over a large area about 100 miles 
north of the international boundary in the interior of British Columbia 
in the region that included the towns of Canoe, Kevelstokc, and 
Beaton. Within this range it was found on western white pine at 
numerous points from the Puget Sound section of Washington to the 
northern limits of this species about 150 miles north of the inter¬ 
national boundary, and also at several points in the infected area in 
the interior of British Columbia {10). 

Studies showed that the disease had been present on pines in some 
of the infected areas for several years, evidently having been intro¬ 
duced near Vancouver, British Columbia, about 1910, and that it 
was spreading and intensifying with great rapidity {5, 10). Evidence 
secured in 1922 and 1923 indicated that wind-borne aeciospores were 
armually infecting ribes at distances of over a hundred miles from the 
centers of pine infection and aeciospore production {5, 10). At this 
rate of spread it was ob\dous that the rust would soon invade the 
commercial range of w estern white pine, which w-as only a little over 

> Received for publication Dec. A, 103G; liisued September 1937. 

3 The authors are under obligation to J. S. Boyce, Division of Forest Pathology, under whose general su¬ 
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100 miles south of the infected area in the interior pine belt of British 
Columbia. This situation made ui^ent the development of measures 
for the protection of the pine area of northern Idaho and adjacent 
Montana and Washington, and control operations were promptly 
instituted. Spread since 1922 has borne out these assumptions, for 
the rust was first found there in 1928 and is now well established 
within the area {11, 20, 21). 

One of the first problems in connection with research on the disease 
in the West was to determine the susceptibility of western host 
plants, both pines and ribes {5, pp. 875-877, 881-882). In both cases 
information was meager, consisting, in the case of the pines, prin¬ 
cipally of evidence of high susceptibility in Pinus flexUis {IS, v. 75), 
and, for the various species of ribes, being based only on limited 
inoculation tests (usually in the greenhouse) in the eastern part of 
the United States {13, pp. 18-20). 

Preliminary observations in western pine infection centeis were 
alone suflicient to demonstrate that western wMte pine was highly 
susceptible, evidently more so than northern white pme,® and studies 
were started in 1922 to determine the character of infection on such 
ribes species as were present in the infected area. The primary object 
of the studies was to obtain information applicable to the development 
of measures for the control of the rust. In view of the impending 
spread of the disease into the commercial range of western white pine, 
‘ the most urgent problem in the investigations was to obtain a knowl¬ 
edge of the susceptibility and telium-producing edacity of the rust 
on the important ribes species in that region. The present paper 
reports the results of these investigations. 


RANGE LIMITS OF WESTERN WHITE PINES IN RELATION TO 
SPREAD OF THE RUST 


White pine species of the region, including the infected areas and 
the Idaho white pine and California sugar pine stands, are western 
white pine, whitebark pine {Pinus alhicaulis Engelm.), limber pine 
{P. jlexilis James), bristlecone pine {P. aristata Engelm.), foxtail pine 
{P. balfouriana Murray), and sugar pine. These species are all known 
to be susceptible to the rust {9, 13, 14). Their composite botanical 
ranges in this region and the range of the fungus as determined in 
1922 and in 1932 are shown in figure 1. 

While some of these pine species are valuable only for aesthetic or 
watershed-protection purposes, the commercial value alone of western 
white pine and sugar pine must be calculated in hundreds of millions 
of dollars, and their ultimate value to the region in which they occur 
is much larger. 

Western white pine occurs in two belts, which may be designated 
^‘coastar' and ^‘interior/' The coastal belt is one of scattered occur¬ 
rence of the species. It extends from the southern portion of the 
Sierra Nevada in California, northward through western Oregon and 
Washington, mainly along the Cascade Range, to Puget Sound, and 
thence through the coastal region of northwestern Washington and 
southwestern British Columbia to about the northern end of Van¬ 
couver Island. The interior belt centers in the area of northern 
Idaho, northeastern Washington, and western Montana and stretches 


jr. 8 . FATHOLOOICAL INVE8TIOATIVE woEF. Third Western White Pine Blister Rust Oonf., 
PortUnd, Oreg., 1922, Kept. Proc., pp. 5&-(IO. [Mimeographed.] 
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northward into British Columbia for about 200 miles. The main 
commercial range of western white pine is confined to the States 
mentioned, where the lumber industry is largely dependent upon this 
tree for its existence. 

Wild ribes are widespread over the entire territory, both inside and 
outside the range of the pines. 



Fiquri 1.—Composite botanical range limita of white pine species in the West and known range of white* 

pine blister rust in 1922 and 1932. 


From the distribution outlined above and from the map (fig. 1), 
it is evident that continuous belts of susceptible white pine exist 
through which the rust may be expected to spread from its known 
areas of distribution in 1922, over both the coastal and the interior 
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range of western wliite pine. The known range of the rust in 1932 
indicates that the expected spread is in rapid progress. 

RISES SPECIES INVOLVED AND PREVIOUS STUDIES OF THEIR 

SUSCEPTIBILITY 

At the time the rust was discovered in the West in 1921, little was 
known concerning the character or extent of association of ribes with 
commercial western white pine. By the end of 1923, however, 
reconnaissance ® had indicated that for control purposes the commer¬ 
cial pine area centering in Idaho falls naturally into two main types— 
the stream type, which consists of moist stream-bank and bottom 
land characterized by profuse occurrence of ribes; and the timber 
type, which extends up and away from the stream type and in which 
ribes are more scattered. The most common species found in the 
stream type are Ribes lacustre (Pers.) Poir., R, petiolare Dough, and 
7?. inerme Rydb., the last two usually occurring in dense concentra¬ 
tions. The common species of the timber type are R. tnscosissimurn 
Pursh and 72. lacustre. The last-named is generally more abundant 
numerically in both types than any of the other species. Species 
other than those mentioned are seldom encountered in either type. 

When the study was started little was known of the susceptibility 
of throe of the four ribes species mentioned, and nothing at all of the 
Tourth, 72. petiolare. vSpaulding in 1922 (IS, pp. 18-20) reported that a 
medium degree of infection developed on a relatively few bushes of 
72. lacustrcy 72. viscosissimurn, and 72. inerme when they were subjected 
to tests in the greenhouse and that slight infection developed on 72. 
lacustre out of doors. Preliminary results of the present studies were 
reported in 1926 {5), showing susceptibility and telium-prodiicing 
capacity to be liigh for 72. petiolare and 72. inerme and relatively low 
for R. viscosissimurn and 72. lacustre. In 1928, Hahn {2, p. (ISO) 
published results of greenhouse tests with these species in the East, 
which generally corroborated Spaulding^s earlier results there and also 
showed 72. petiolare to be susceptible. In neither Spaulding^s nor 
Hahn’s results, however, were any data given on the telium-producing 
capacity of the ribes, which is a primary consideration in control. 
Moreover, with the exception of R. lacustre^ these results include 
nothing with regard to the reaction of the species out of doors. 

Spamding states, with respect to greenhouse inoculations (73, p. 16), 
‘Tt was felt that gieenhouse tests alone were not dependable for sus¬ 
ceptibility data.” The writers concur in this opinion. Hart pp. 
930, 9J^-9^5), working with stem rust of wheat, mentions instances 
in which tests conducted under the unnatural conditions of the green- 
house have given results contradictory to those secured in the field. 
Because of the wide variety of conditions found in nature, it was 
believed that only comprehensive studies out of doors under different 
site conditions could give a reliable index to the susceptibility of such 
variable hosts as ribes. These hosts have different growth forms 
within each species which differ as widely from one another in sus¬ 
ceptibility as does one sjiecies from another. To reproduce these 
different forms and conditions on a sufficient scale in tne greenhouse 

• By the western branch of the former Office of Blister Rust Control, Bureau of Plant Industry, now 
comprised in the Division of Plant Disease Control, Bureau of Entomology and Plant Quarantine, U. 6. 
Department of Agriculture. 
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would be quite out of the question. Accordingly, the studies reported 
in this paper were conducted out of doors. 

METHODS 

DEVELOPMENT OF STUDY METHODS 

Determination of the general susceptibility under natural conditions 
of the four most common species of ribes in the Idaho-Montana- 
Washington area, has been one of the principal objectives of studies 
of the rust in the West. In the reaction of any species of ribes to 
Cronartium ribicola, two features are of outstanding importance in 
contiol: (1) The relative importance of a species and its various forms 
in the long-distance spread and local e^-stablishment of the rust in 
disease-free regions; (2) its ultimate capacity, after the rust has become 
established in a locality, for spreading infection to associated pines. 
The first logical step was to obtain a measure of the general suscepti¬ 
bility of the species, both to infection by aeciospores and intensifica¬ 
tion* by urediospores, together with its capacity for producing tclia 
from which the pine-infecting sporidia are developed. 

After the inauguration of these studies, information became avail¬ 
able {15, p. 915) which indicated that the relationship between telio- 
spore production and the production of sporidia was not the same on 
all ribes species, since under natural conditions teliospores remained 
viable for much longer periods on some spe(*ics than on others. Also, 
the possible existence of varying degrees of longevity and virulence in 
sporidia from different ribes hosts may be inferred from the results of 
studies reported at about the same time {12, p. 5S9: 10, p. Jfl9; 22, 
pp. 508-509). The potential pine-damaging powers of various ribes, 
therefore, cannot be considered a direct function of their capacity for 
teliospore i)roduction, but until further experiments provide more 
definite infonnation on this point an approximately constant relation¬ 
ship must be assumed. 

Before any satisfactor}^ tests of ribes susceptibility could be made, 
liowever, it was necessary" first to devise a simple method of recording 
mfection data that would permit the averaging of results and a ready 
comparison of the data of different years and places. The system 
used by Spauhling {IS, p. 17) of differentiating the infection merely 
by the terms 'dight'^ ^'medium'', and ''heavy’' was inadequate, be¬ 
cause it did not ])ermit the averaging of rcvsnlts and because the defi¬ 
nitions of such terms vary considerably with the individual observei. 
Furthermore, the present study was concerned primarily with the 
telium-producing capacity of the ribes as a preliminary measure of 
their potentialities for transmitting the disease to the pines. Spauld¬ 
ing’s system gave no measure of tliis capacity. Systems devised by 
investigators of other rusts (7, 17, 19) were equally inapplicable 
because of differences in the character of hosts and study objectives, 

(Concentrating on the features primarily essential to control, as 
given at the beginning of this section, and working with naturally 
infected plants in the vicinity of infected pines in 1923 and 1924, tlie 
following system of study was devised: 

(A) By individual bushes; 

fl) (^ount of leaves produced. 

(2) Count of leaves infected. 

(3) Estimate of percentage of surface infected on infected leaves. 

(4) Count of rust-killed leaves dropped from bushes. 
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(5) Estimate of percentage of infected surface which— 

(а) Bore uredia. 

(б) Had borne uredia but had died before producing telia. 

(c) Had borne uredia but had fallen before producing telia. 

(d) Was necrotic, i. e., dying before producing any spore stages. 

(e) Bore telia. 

(B) By groups of bushes: 

(1) Counts and estimates of leaves by individual bushes. 

(2) Count of bushes infected. 

(3) Estimate of percentage of leaves infected on infected bushes as a 

group. 

(4) Same as under 3, system A, for the group as a whole. 

(5) Estimate of percentage of rust-killed leaves dropped for the group 

as a whole. 

(6) Same as under 5, system A, for the group as a whole. 

In addition to the observations outlined above, descriptive notes 
were taken on any abnormalities encountered and on the general 
character of infection and sporulation. Representative specimens 
of the infection were collected for each species and form to serve as 
permanent records supplementary to the data taken at each exami¬ 
nation. 

These sj^stems were found to permit rapid collection of data and to 
give readily comparable results of sufficient accuracy for practical 
purposes. In general, after a little experience, percentage estimates 
of the different recorders were numerically within 1 to 5 or less of one 
another in the lower and upper percentage levels, and within less than 
10 of one another at percentages around 50. Errors were usually com¬ 
pensating. System A was used where comparison between individual 
Dushes was necessary. Where comparison between groups was the 
primary consideration, system B was used with such modifications or 
additions as were desired for individual comparisons. This latter 
system was far more rapid than the former in covering largo numbers 
of bushes, and, although somewhat less accurate as far as any one 
group of plants was concerned, it decreased the probable error in the 
final results by permitting the use of a much larger basis. 

Collection of the data by the systems just described made it pos¬ 
sible to compute these data by simple arithmetical methods. In this 
connection the two things of primary consideration in the study were 
(1) percentage of total leaf surface infected, which was obtained by 
multiplying the percentage of the total number of leaves infected on a 
group of plants by the average percentage of surface infected on the 
infected leaves, and (2) the percentage of total leaf surface bearing 
telia, obtained by multiplying the percentage of total leaf surface 
infected by the percentage of infected surface bearing telia. 

SELECTION OP STUDY AREAS 

Prior to the inauguration of this study the wide spread of the rust 
by wind-bomc aeciospores was practically confined to the extremely 
susceptible cultivated black currant (Ribes nigrum L.). The disease 
was very scarce and seldom found on other ribes species outside the 
general vicinity of infected pines. Of the four ribes species in ques¬ 
tion, /?. lacustre was at that time the only one found close to infected 
pines in sufficient numbers to give any definite information of its 
susceptibility. Plants of the four species were therefore introduced 
and planted near infected pines in the spring of 1923. These plant¬ 
ings were made mainly with cuttings and gave but poor survival and 
results. 
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During the season of 1923 the rust was widely distributed by the 
wind to cultivated black currant plantings over the dry belt of British 
Columbia, lying between the coastal and interior white pine belts. 
This belt contains an abundance of all four of the ribes species studied, 
which are well adapted to this region and grow prolifically. Since 
pines were absent from the area, since spread of the rust from ribes to 
ribes is slight as compared with the distance of spread from pines to 
ribes, and since it was evident that the rust did not overwinter on 
ribes in the region, this belt offered a splendid opportunity to make 
inoculation tests of naturally growing plants of these species under 
comparable conditions without any danger of permanently establish¬ 
ing the disease or hastening its spread. Tests were accordingly begun 
there in 1924 near Kelowna, British Columbia, where the rust had been 
abundant on cultivated black currants in 1923. To this study locality 
were added two others in the same belt in 1926, one each near Sum- 
merland and Oliver at elevations similar to Kelowna (table 1), and 


TA FILE 1.™ Description of study areas 


Area 

Eleva¬ 

tion 

SoiD 

Slope and 
exposure j 

Vegetation * 

.,-. i 

! 

Remarks 

Interior British Co¬ 
lumbia’ 

Near Kelowna- 
Swamp area..,» 

1 

Canyon Creek 

Feel 

1.150; 

P, t. 

Flat. 

G, S, A, B. 

B, A,T,F, C... 

Wet, poorly drained flat. 
Somewhat more rain than 
at Kelowna. 

Fairly moLst but well drained. 

1,900 

li, G.h... 

1 Gentle, W_ 

area. 

Suminerlnnd. 

1,200 

1.000 

V. 

Gentle, SE. 

B, M, S. 

Moist Some springs. Well 
drained. 

Swampy in some places. 

Summer showers more fre- 

Oliver. 

V, S, P.... 

Flat. 

S, A. 

Near Osoyoos’ 
Haynes Creek 

2,500 

V, S, L-... 

.do. 

A, C, B, y, P, 
F. L. 

Y, F, £, A, M, 

area 

Nine Mile 

3,200 

V,6,H.pJ 

'.do.i 

quent than at Oliver (near¬ 
est weather station). 
Semiswampy in places. More 

Creek area. 

Camp McKinney.- 

1 

4,500 

! 

S, 11, g 

1 

1 

;_do. 

L. 

P. L, S, A. 

rainfall than at Haynes 
Creek 

Much more rain than at 

Coastal British Colum¬ 
bia. 

Garibaldi (Daisy 
Lake):* ! 

Chance Creek 

1,100 

S, 11, g-- 

j 

_do.. 

1 

W,n,F,A,C.. 

Rock Creek (nearest w'eath- 
er station) 

1 

area. 

Lake area. 

1,100 

S. 11, L-.- 

.do.. 

W, F, A. C, H. 


Near Mile 72, Pa¬ 
cific Great East¬ 
ern Uy.. 

Lower Trail 


R, H. L... 

Steep, S_... 

i 1 

1 1 

F, A, M, B.... 

Moist in patches but w-ell 

area. 

Tenquil Valley 

j 2,200 

4,800 

V, L. 

Steep, SE_- 

1 

n,'W, E. I, K, 

drained. Nearest weather 
station. Owl Creek. 

Moist, sw-ampy for Eibee 

area. 



A. 

lacustre. Well drained for 
E. viscosisitimuin. Nearest 
weather station Is at Owl 
Creek. 


» Key: G, Rravel; H, humus; L, loam; P, peat; R, rocky; S» sand; T, silt; V, volcanic. Capital letters indi¬ 
cate aV)undancc. 

a Key; A, alder; B, birch; C, cottonwood; E, Englemann spruce; F, Douglas fir; G, swamp grasses; H, west¬ 
ern hemlock; I, alpine fir; K, whitebark pine; L, larch; M, maples; P, lodgepole pine; S, willow; T, western 
red cedar; W, white pine; Y, yellow pine. 

» Formerly Daisy Lake; name recently changed to Garibaldi. 

two at higher elevations at the edge of the dry belt on Anarchist 
Mountain, east of Osoyoos, British Columbia (Haynes Creek and 
Nine Mile Creek). An additional area was established in 1927 near 
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Camp McKinney, several miles northeast of Nine Mile Creek. The 
last three areas, partioi^larly the one at Nine Mile Creek, approach 
more closely the conditions of the interior white pine stands than do 
those at Kelowna, Summerland, and Oliver. Most of the white pine 
region plant species other than white pine are present, and the climate 
is fairljr similar to that of much of the pine region. 

During the course of these tests in the interior dry belt, a parallel 
series of studies involving sj)ecies of ribes important in the coastal 
region of British Columbia was carried out at various natural infec¬ 
tion centers in the latter region. Although Rihes petiolare and i?. 
inerme do not occur there, R, lacustre and R. viscosissimurn are native 
and were included at four of the study areas. At three of these areas, 
aeciospores from adjacent infected pines were so abundant that no 
inoculations were necessary because natural infection on the ribes ap¬ 
proximated that produced 
by inoculation. In the 
fourth area, nearby aecio- 
spore production was insuf¬ 
ficient and the plants were 
inoculated. The studies of 
R. lacustre and R. inscosis- 
simum in the coastal region 
served not only for com¬ 
parison of the sus(‘eptibility 
of these two species occur¬ 
ring in the interior region, 
but also afforded an oppor¬ 
tunity to observe the effect 
of soniewdiat different cli¬ 
matic conditions on the de¬ 
velopment of the rust on 
these two hosts tested in 
both regions. 

A condensed description 
of the various areas is given 
in table 1. Rainfall during 
the growing season at 
weather stations nearest 
the study areas and at 
several points in the Idaho white pine region is shown graphically by 
months in figure 2. It will be seen that precipitation during this period 
was somewhat more abundant near the coast and in Idaho than in 
interior British Columbia. Relative humidities also averaged some¬ 
what lower in the latter region. As will be shown later, however, these 
differences had little effect on the susceptibility of ribes to the rust. 



S£pr. ocz 

Figure 2.—Average rainfall during growing season. C}rai»b 
prepared from United States and British Columbia weather 
records up to and including I0;i3. Kecords from the following 
stations were used. For Idaho' Avery, Potlatch, Prichard, 
St. Maries, Priest liiver Fxiieriment Station, and Pierce. 
For interior British Columbia: Kelowna, Summerland, 
Oliver, and Rock Creek. For coastal British Columbia* 
Garibaldi, Owl Creek (Pemberton Hatchery), and Vancou¬ 
ver. The latter station has been included because rainfall 
there us about average for a rather large iiortion of the 
coastal region. Averages for the various stations represent 
fwiod.s ranging from 10 to 33 years. 


INOCULATIONS AND EXAMINATIONS 

The number of bushes of each species tested on areas in interior 
British Columbia is shown by years in table 2. These figures include 
the three growth forms—open, part-shade, and shade—of ribes 
studied. The studies involved 5,098 tests of a total of nearly 3 mil¬ 
lion leaves on 2,740 different bushes. Additional details regarding 
the basis for each species and form are included later under Results 
and Discussion. 
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Table 2. —Bushes of Ribes species used each year in the tests on study areas in 

interior British Columbia ^ 



Ribes bushes tested in— 

Species and area 

1024 

1925 

1926 

1927 

1928 

P petiotare: 

Number 

Number 

Number 

Number 

Number 

Swamp. .. 

93 

135 

153 

76 


Summ'erland.. 



18 

16 

_ . ... 

Oliver, , , . * 



82 



Nine Mile (^reek. .. . _ 



HN 

144 

145 

Haynes Oeek. 



96 

50 

. . _ 

C'arnp McKinnev .... 




30 

30 

P iverme: 






Swamp.. 

90 

104 

166 

66 


Oliver. - 



6<i 



Nine Mile Creek. 



164 

! 159 

159 

P. viacostssimum: 






Canyon Creek.. 

99 

98 j 

i 184 

280 ! 

150 

Camp McKinney_ . . . - 

-I 

! -- 

-- 

100 

100 

P. lacuatre: 






Swamp*. . *. _ .. 1 

r»2 

24; 

1 48 i 

1 47 j 

_ 

Canyon Creek. ... 


99 1 

i 216 

315 j 

157 

Nine Mile Creek.. . . 



165 

104 

164 

Haynes Creek . 


.i 

105 i 

48 : 


('amp McKinney. 



1-- - 

100 I 

! 1 

! 100 

1 


1 In the majority of cases the number of bushes tested in a given year includes some of those tested in a 
previous year or years. 


All bushes tested in the interior dry belt and many of those on 
areas near the coast were artificially inoculated. Under overcast 
skies and when a good rain appeared imminent, the inoculum w^as 
applied to the under surface of the leaves with the aid of a paper bag. 
The bag was partly filled with freslily sporuhiting cankers and then 
used as a bellows for puffing the spores into the bushes. This method 
assured a fairly even distribution of spores over the leaves. Each 
bush was given a heavy shower of aeciospores, comparable, it was 
believed, to that w hich might have occurred naturally had the bushes 
been growing in close proximity to heavily infected pines. Inocula¬ 
tions were made in the spring, generally w hen ribes leaves were young 
and highly susceptible (^/), and were repeated whenever weather 
immediately following the first inoculation was not favorable to 
infection. Leaf development and w eather conditions accompanying 
cacli inoculation of plants in the interior are summarized in table 3, 
The test plants were examined at fairly regular intervals during 
each growing season, data being taken as previously outlined under 
Development of Study Methods. During 1924 and 1925, system A 
(data by individual bushes) was used. Tests of greater numbers of 
plants during subsequent years necessitated the use of system B 
(estimates by groups) except in a few' special instances where differ¬ 
ences between individual bushes of the same species w ere being studied. 
During 1924, wdien data were recorded approximately once each 
month, great changes in extent and character of infection occurred 
betw een examinations. Since at that time relatively little w as known 
about the development of the rust on these species of ribes, the interval 
between examinations w as shortened to 1 or 2 weeks in 1925. In 1926 
and 1927, data were taken every 3 or 4 weeks; and in 1928, every 
month or 6 weeks. Intensification of the rust by urediospores is 
irregular, new infection almost always developing only after rainy 
periods, but knowledge ol the incubation period (JS, p. 40)f together 
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with a fairly complete record of weather conditions, generally made 
it possible to synchronize examinations with the culmination of each 
wave of intensification. 

Table 3. —Artificial inoculations of Rihes species on study arecLS in interior 
British Columbia^ 1924-^8 


Year 

Areas inoculated 

Date 

Le 

R. 

petio¬ 

lare 

af devel 

R. 

inerme 

lopment 

R. 

eieei- 

mum 

; 1 

R, 

la- 

cusfre 

Weather following 
inoculations 


fSwamp and Canyon 

May 5-6... 

3 

3 

3 

3 

Warm and dry. 

...... 

Creeks. 








_do... 

May 16-17. 

4 

4 

4 

4 

Hot and dry. 


_do.. 

May 31_ 





Showers in evening. 



May 18--.- 

3-4 

4 

4 

4 

Heavy dew but hb rain 

1925 







until May 28. 



May 29---. 





Good showers. 


_do—__ 

May i . _ 

4 

4 

4 

4 

Showers each night. 


Summerland and Oliver_ 

May 5_ 

4 

4 



Showers nights, May 5,6. 

1926 

Nine Mile and Haynes 

May 6-7--. 

>3(1-2) 

3(2) 

i. 

3 

Unsettled; rainy nights. 


Creeks. 








All 1926 areas. 

May 10-12. 





Clear to cloudy; no rain 







until evening of May 
111 


Swamp and Canyon 

May 16.--. 

2(3) 

3(3-1) 

3-4 

3-4 

Good showers. 


Creeks. 








Summerland.. 

May 17---- 

3 




Do. 

1927 

Nine Mile and Haynes 

.do. 

2 

3-4 

2 

"‘ 3 - 4 ' 

Do. 


Creeks 








Nine Milo Creek. 

June 6_ 

3 

4 


4 

Good showers June 7, 8. 


Camp McKinney. 

June 6. 

1-2 


3-4 

3 

Good rain. 


(Canyon Creek.. 

May 11--— 

.i 


4 

4 

Very little rain. 


_do. 

May 21--— 



5 

4 

Light shower. 


_do. 

May 28.--- 



5 

5 

24 hours of rain. 

1928 

Nine Mile Creek. 

May 30---- 

4 

4 


4 

Rainy. 


Camp McKinney. 

.do. 

1-3 


.3* 

3 

Do. 


Nine Mile Creek. 

June 7_ 

4 

4 


4 

Thunder shower June 8. 


Camp McKinney. 

.do. 

1 

3 


3 

3 

Do. 


* Loaf-development stages are classified as follows: 1, Just breaking from bud; 2, up to H apparent full 
size; 3, up to ^ apparent full size; 4, oldest leaves have reached apparent full size; 5, many ieaves have 
reached apparent fuil size and are beginning to harden. 

> Numbers in parentheses refer to shade-form plants, other mmibers to open form. Where no distinction 
is made, development was approximately the same In both forms. 

RESULTS AND DISCUSSION 

RIBES GROWTH FORMS 

Test plants of each species were divided into three classes - open 
form, part-shade form, and shade form—data from which were kept 
separate throughout the study. Bushes entirely exposed to the sun 
during most of the day were classed as open form, while those receiving 
little or no direct sunlight made up the shade-form group. Part-shade 
plants were approximately intermediate in exposure to sunlight. 

Since infection is favored by succulence of foliage (2, p. 666; 6; 13, 
pp. 45-46) i the differences in susceptibility found between the three 
growth forms are largely explained by the differences in the character 
of their leaf development. Open-OTown ribes are usuaUy short and 
dense. Their leaves, which are relatively small and thick, generally 
become quite tough within 4 to 6 weeks after breaking from the buds. 
Shade-form plants are more rambling and loosely branched, with rela¬ 
tively large thin leaves. Although these leaves toughen to a certain 
extent, the process is slow and never reaches a degree comparable to 
that of open-form leaves {6, p. 97). Differences in time and degree 
of foliage maturation induced by exposure are very striking in both 
Ribes inerme and R. lacustre. Leaves on open and shade R. petiolare 
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differ appreciably, but infection does not seem to be affected by leaf 
character to the same extent here as in the other species. New 
leaves usually continue to appear on all species and forms until about 
the first of July, after which leaf production is negligible. 

SEASONAD1DEVELOPMENT OF THE RUST ON RISES 

Characteristic examples of the development of the rust are given 
graphically in figure 3, where percentages of total leaf surface infected 
and total leaf surface bearing telia are shown throughout the season for 
shade-form plants at Nine Mile Creek in 1926 and at Camp McKinney 
in 1928. Examinations are indicated by small circles, and the curves 
between examination dates were sketched from general knowledge of 
the relation between weather conditions and uredial intensification. 
Percentages at any point in figure 3 represent acciunulations, to that 
date, of all infection, both living and dead, and the figures throughout 
the remainder of this paper are based on the accumulated totals of 
such infection at the end of each season. 

These examples are fairly typical of the rust behavior on open-form 
as well as on shade-form bushes. It will be seen that during the early 
part of the season the disparities between species offer little or no 
mdication of their relative susceptibility as it finally appears. The 
groat bulk of the infection on both Ribes petiolare and /?. inerme gen¬ 
erally develops from late June to mid-August, through uredial intensi¬ 
fication. In the other tw^o species (/?. lacvstre and R. t^iseosissimum) 
this midsummer pyramiding of infection is usually relatively unim¬ 
portant. 

GENERAL SUSCEPTIBILITY OP THE FOUR SPECIES 

Total average infection and telial production on all test bushes in 
interior Britisli t^olumbia are shown in table 4 and figure 4. Ribes 
;petiolare stands far ahead of the other species in both respects. R, 
inerme^ also, is a very congenial host, but R. viscosissimum and R. 
lacustre are relatively resistant and the latter is particularly low in the 
production of telia. Diflerences between forms are as pronounced as 
those between species, shade and part-shade plants showing more 
infection and bearing more telia than corresponding open-growm 
bushes. Infection is probablv facilitated by more favorable moisture 
conditions in the shade as well as by the greater succulence of shade- 
form leaves. 


Table 4 - Bmia of lests and summary of infection on inoculated Ribes plarits, 
interior British Columbiaj 19'^Ji~'28 


Basis 


Average total leaf surface i 


Siiecies 

l^eavfts tested j 

Bushes 

Tests * 

Infected 

Bearing telia 

Open form 

Part-shade 

form 

Shade form 

Open form 

a> 

II 

Pm 

Shade form 

Open form 

Part-shade 

form 

Shade form 

Open form 

Part-shade 

form 

Shade form 

open form 

Part-shade 

form 

Shade form 


No, 

No. \ 

1 

No. 1 

No 

1 

No. 

No 

No. 

1 

No. 

i 

No. 

Pet. 

Pet. 

Pet. 

Pet. 

1 

Pet. 

Pet. 

R. petiolare . 

603,533 

121,372 

169,004 

234 

150 

3461 

381 

250 

585 

22.6 

36.1 

34.8 

20.3 

35.6 

32.7 

R, inerme . 

366,710 

156, m 

188,101 

218 

85 

262 

384 

185 

405 

13.0 

22.4 

23.0 

4.9 

18 8, 

18.7 

R. riscosiesimum ____ 

89,228 


66,159 

256 


209 

507 


504j 

0.6 


11.5 

3.5j 


7.3 

R. lactietre.^ . 

1 

61?; 127 

235,508 

305,309 

306 

'l32 

482 

687 

^9 

951 

*•1 

4.3 

8.1 

•^1 

.7 

2.9 


* Averages computed on total-leaf basis. 

1 The same bush tested in each of 2 years equals 2 tests, tested 3 years equals 3 tests, etc. 
> Tested during 3 years only 0026,1927, and 1928). 
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FiGUMik 3,—Seasonal development of the rust on shade>form ribes. A, At the Nine Mile Creek area in 1920. 
Basis: R, petiolare. 60 bushes and 20,506 leaves; R, ifterme, 60 bushes and 37,640 leaves: R. lacwtre, 60 
bushes and 8&050 leaves. B, At the Camp McKinney area in 1928. Basis: R. petiolare, 30 bushes and 
4.800 leaves; R. viscoeinlmum, 60 bushes and 8,460 leaves: R. laeuetre, 60 bushes and 14,400 leaves. 
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Data from 144 susceptibility tests, involving 34,208 loaves of Ribes 
viscosissi7)fiU7n, and from 1,214 tests, involving 420,756 leaves of R, 
lacustrcj in the coastal region of British Columbia, generally substan¬ 
tiate the results obtained from the tests in the interior for these species. 
Many of the coastal inoculations were unsuccessful because of attend¬ 
ant unfavorable weather, but in all cases where either natural or 
artificial infection by aeciospores was secured under favorable con¬ 
ditions the final infection was approximately similar to that recorded 
in table 4. It tlierefore appears that the greater precipitation and 
higher relative humidity characteristic of the coastal region have little 
effect upon uredial intensification, and that the behavior of the rust on 
ribes within the commendal range of western white pine, where spring 
and summer moisture conditions are roughly intermediate between 



Figure 4.—Average infection and telial production on ribes tested in interior British Columbia. 


those lof the interior and coastal test areas, will not differ significantly 
fromf.that herein described. This assumption is substantiated by 
preliminary results from the north Idaho pine region, which are pre¬ 
sented in table 5. 

The Idaho infection averages for Ribes petiolare are similar to the 
corresponding British Columbia averages, but those for R. viscosis- 
si7nu7n and n. lacusire are somewhat lower than the ones in British 
Columbia. The Idaho data are for 2 years only, but on this basis, 
together with observations made at several other localities in the State 
during 5 seasons, it is believed that ribes infection will not vary greatly 
from that in British Columbia. The Idaho studies included 562 tests 
involving nearly 400,000 leaves. 
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Table 5. —Infection on naturally infected Ribes, Idaho, 1933 and 1934 ^ 


Place and area 

Species 

Year 

Basis 

Total leaf surface 

Bushes 

Leaves 

Infected 

Bearing telia 

Open form 

Part-shade 

form 

Shade form 

Open form 

Part-shade 

form 

1 

1 

oo 

Open form 

I Part-shade 
form 

Shade form 

Open form 

J 

Shade form 




No. 

No. 

No. 

No. 

No. 

No. 

Pet. 

Pet. 

Pet. 

Pet. 

Pet. 

Pet. 



/1933 

20 

25 


24,610 

14,215 


34.40 

40.20 


33.80 

30.60 

_ 


ixL* pcttoldTc^ . . 

\1934 

20 

25 


16,146 

8,950 


12.09 

27.17 


11.99 ! 

27.14 


Fernwood, Crys¬ 


/1933 

25 

25 


4,195 

5,045 

7,786 

.53 

1.01 

0.66 

.17 

.52 

0.61 

tal Creek. 

VIoCOoloci 

\1934 

25 

26 

26 

6,761 

4,920 

11,878 

.42 

.83 

.76 

.36 

.79 

.74 


1 TnUTtl. 

/1933 

25 

26 

25 

61,896 

29,645 

33,725 

.18 

.73 

2.42 

.02 

.26 

1.04 


iR. IdCUStTC^ . _ 

11934 

25| 

25 

25 

44,095 

62,885 

33,135 

.03 

.11 

.72 

.004 

.04 

.44 


lot * 

/1933 

_ 

25 



6,725 



2.06 



.70 

_ _ 

Elk River, Ruby 

iK, lacustTC. 

11934 


25 



13,351 



3.60 



.90 


Creek. 

1 „ 

/1933 


25 



2|289 



6.66 



4.83 


1 _do. 

11934 


22 



3,571 



.92 



.48 


Clarkia, St. 

[R. petiolare K~ 

1933 


25 



3,625 



36.00 



32.90 


<R.tnerme *... 

1933 


25 



3i260 



7. .50 



4.68 


Manes River. 

(/2. lacustre K... 

1933 


25 

.... 


5,875 



3.30 



1.06 

.... 


1 All the ribes plants for which data are given were growing in close proximity to heavily infected pines. 

* Only 1 examination was made of these bushes, on Aug. 17. Shortly after that date the bushes were 
destroyed by blister-rust eradication crews. No doubt considerably more rust would have developed 
on them, for intensification of the disease was taking place in this vicinity until about the first part of Oc¬ 
tober. Data were taken on all the other groups for both years until intensification had ceased. 

* REACTION OF INDIVIDUAL BUSHES WITHIN GROUPS 

Individual ribes bushes of a jiciven species frequently show a very 
marked difference in their reaction to white-pine blister rust. The 
extent of this variation, as illustrated by the differences in percentage 
of leaf surface infected within groups of the four species and their 
forms under consideration, is indicated in table (>, which shows the 
number of bushes of each group in the different infection classes. 

The individuals composing each group of these bushes occurred 
within small limits, the radii of which seldom exceeded 50 feet. On 
each area the ground was nearly level and in general the environ¬ 
mental conditions to which the bushes were subjected appeared fairly 
uniform. There was no evidence, therefore, that variations in en¬ 
vironment were great enough to affect significantly the reactions of 
the individual bushes to the rust. 

Practically all infection estimates during and after 1926 were 
made by groups rather than by individual bushes; data are therefore 

E resented for only the 1924 and 1925 tests. However, since no 
ush was used more than once during the 2 years, these data are 
based on a good assortment of individuals. They may be con¬ 
sidered fairly representative of the degree of variabilitjr usually 
encountered witliin test groups throughout the study, in spite of the 
fact that infection averages differed appreciably from the final figures 
for all groups as shown in table 4. 

Within the groups represented in table 6, individual infection 
ranged from less than 1 percent of the leaf surface in all forms to 
about 70 and 75 percent, respectively, for the open and shade forms 
of Ribes petiolare; 75 and 90 percent, respectively, for the open and 
shade fonns of R. inerme; 45 and 70 percent in R. viscosissimum; and 
about 10 and 70 percent in R. lacustre. These maxima are in most 
cases still considerably below the greatest actually recorded during 

















1 Averages computed oo busb basis. 
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the course of this study. Individual plants of R, petiolare have 
frequently been observed with over 90 percent of the leaf surface 
infected. In one case at Camp McKinney, in 1928, a group of 30 
shade-form bushes of 72. petiolare averaged 71.3 percent of the leaf 
surface infected. The shade and part-shade forms of this species 
have already been shown by the averages in table 4 to be the most 
susceptible of all the species and forms represented in the tests. 
The data in table 6 for the shade-form group tested in 1925 are there¬ 
fore decidedly atypical. 

The maxima for Ribes inerme in some of the groups other than 
those at present under consideration sometimes exceeded 90 percent 
of the surface infected, although the leaves of this species are much 
more susceptible to injury from the rust than are those of 72. petiolare, 
and usually wilt and fall to the ground before such a degree of infec¬ 
tion is reached. Occasional bushes of J2. vificosissiniurn and the 
shade form of 72. lacustre also ranged considerably higher in percent¬ 
age of leaf surface infected than shown, while buslios of the open form 
of 72. lacustre frequently exceeded the indicated maximum by largo 
margins. For group 1 of the shade form of 72. lacustre in table 6, 
how’^ever, the average degree of infection and the extent to which 
the bushes range into the heavier infection classes are far greater 
than usually encountered in this form and species. 

The distribution of the samples of Ribes petiolare shown in tal)l(' 
6 indicates that this species is made up of at least two strains, oiu' 
resistant and the other highly susceptible. Because of insuflicient 
data, the values in this table do not give a correct impression of the 
proportion in which the resistant strain occurs. While exact figures 
are not available, observational experience throughout the study 
indicated that not more than 10 or 15 percent of the bushes possessed 
resistance of that order, the rest ratiging mainly from moderate to 
vei^ high in susceptibility. 

Ribes inerme (table 6) snows a similar though less marked tendenc^ 
toward division into strains. 72. viscosissimnm exhibits a dis})ersi( i 
of the bushes over a considerable range of susceptibility, with a con¬ 
centration in the resistant classes. The open form of 72. lacustre 
shows a characteristic concentration of the bushes in the extremely 
resistant classes. Disregarding the atypical case of group 1, whic h 
has already been mentioned, the shade form shows a typically 
light infection, although individual bushes may exhibit a fairly hijli 
susceptibility. 

General observations indicated that the technique employed in 
these tests largely, if not entirely, eliminated the effect of irregularities, 
in the inoculations. Infection resulting directly from aecial inocula¬ 
tions is of relatively small extent in all species {6, p, 109) (see also f g. 
3), the great bulk of infection on the susceptible plants developii g 
later in the season by means of uredial intensification. This is usiu lly 
the case even when bushes are showered with great quantities of aecic - 
spores. All of the groups now being considered, and practically all (f 
the other plants tested during the study, were inoculated more bea\ ily 
than necessary to secure approximately maximum initial infectic v . 
Therefore, and since pains were taken to secure as even distributic n 
of the inoculum oyer the foliage as possible, it may be assumed tl i.t 
variability of individual bushes in extent of infection was not the 
result of inequalities in inoculation. 
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It will be seen (table 6) that for no species can infection be considered 
approximately uniform, even when bushes are subject to the same 
general environment. Because of this variability, results secured 
from small numbers of bushes are extremely unreliable indices of gen¬ 
eral susceptibility. When the effects of dissimilar environments and 
wide local and annual differences in weather are considered, it is ob¬ 
vious that a large basis is necessary for the determination of average 
susceptibility. 

INHERENT DIFFERENCES WITHIN SPECIES 

Evidence of inherent differences in susceptibility between bushes of 
the same species, particularly Ribes petiolarej has already been pointed 
out in the discussion of table 6. The extremely light infection of the 
shade group of this species at the Kelowna swamp in 1926 and 1927 
may be considered as additional evidence of the existence of resistant 
strains in this species.^ Besides this group, there also occurred at this 
same area the five groups of R, petiolare included in table 6 and three 
others composed of open-form bushes, or a total of nine separate 
groups. With the exception of one veiy lightly infected group, all 
open-form groups became abundantly infected every year they were 
tested, while only one of the shade-form groups developed infection 
enough to be termed moderate in amount. In every group, however, 
there were resistant and susceptible individuals. Some of these indi¬ 
viduals were inoculated as in&ny as 4 years and consistently maintained 
their resistance or susceptibility during that time. Also, at all the 
other areas where R. petiolare occurred there were individuals exhibit¬ 
ing these characteristics, and this was true for the other species tested 
at the various localities. 

All nine groups of Ribes petiolare mentioned above occurred on a 
relatively small portion of a large level swamp formed by the gradual 
recession of a lake. The resistance shown by the shade group in 
1926 and 1927, therefore, cannot be ascribed to a difference in site 
factors but must be considered as probably inherent. Individuals 
in this group, in many cases apparently derived by layering from a 
common origin, generally became infected either very lightly or not 
at all, while others, closely associated or even intermingled with the 
resistant bushes, wore much more severely attacked. Hahn {2^ 
table 2) n^cords tlie occurrence of several immune plants of R, petiolare 
in a series tested in the greenhouse, and in another publication (S) 
clearly demonstrates that wide differences in susceptibility exist 
between horticultural varieties of both /?. nigrum L. and i?. sativum 
Syme. 

In an effort to obtain additional information regarding the extent 
of inherent differences in susceptibility wdthin the same species, a 
number of bushes previously found to range from resistant to higldy 
susceptible were selected from each ^ecies and form and tested 
during a period of 2 years or more. Each group was composed of 
plants growing fairly close to each other and under environmental 
conditions as similar as possible. Results are illustrated in figures 5 
and 6, where data from four representative groups are presented 
graphically. 

f See section entitled “Local and annual differences in infection.*’ 

16962—37-2 
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Fiotjb® 5.—Susceptibility of individual open-form Ribe\ 
shaded; 1927 infection, solid; 192b infection, diagonally 1 
and B, a~0. are represented in the figure. These grou] 





















































/A^/^£Cr£A? r£^^C£^^£J 


335 


Bept. 1 , i »37 Sudceptibility of Four Ribes to Gronartium ribicola 



Figure 6 .~-fiusoeptlbillty of individual ribos bushes: A, a-i, oi>eu form /?. tnerme; B, a-j, shade-forni 
R mcosinimum. 1925 infection, unshaded; 1927 Infection, solid; 1928 infection, diagonally hatched. 
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Wliile differences were far from being entirely consistent, in general 
a bush severely infected during one year also displayed relatively 
high susceptibility during the other years. Likewise a considerable 
proportion of the bushes exhibiting extreme relative resistance 
witliin a group did so consistently. 

In general, Rihes petiolare was of uniformly high susceptibility and 
but little affected by weather conditions; however, the small pro¬ 
portion of the bushes of this species that were resistant were extremely 
and consistently so. The apparently low susceptibility of bushes a, 
by and c in figure 5, Ay and a, by c, and d in figure 5, B, as compared 
with that of the remaining bushes in these groups, tends to confirm 
the evidence of the existence of a resistant strain or strains. In the 
other three species there are less definite indications of inherent 
intraspecific differences in susceptibility, and any such differences as 
may occur are apparently not so great as in R. petiolare; the available 
evidence (e. g., fig. 6, B) suggests, however, that even here they may 
be of appreciable magnitude. 

DEVELOPMENT OF TELIA BY SPECIES 

The proportions of the infected leaf surface which bore or for various 
reasons failed to bear telia are shown for the different species and their 
forms in table 7. Ribes petiolare and the shade and part-shade forms 
of R. inerme developed telia over most of the infected surface, while 
R. lacustre and the open form of R, inerme were much lowor in the pro¬ 
duction of telia. R. riscosissimum was intermediate between the two 
types. 

Table 7.- -Percentage of infected leaf surface which bore or failed to hear telia on 
inoculaled Ribes, interior British Columbia, 1924-28 

Ttifected leaf surface i— 


Species 


Bearing telia 


Bearing ureclia butj 
deaii l»efore pro- 
ducing telia , 



1/OSt through 
partial defolia¬ 
tion > 



Necrotic 



c 

o 


I 


R, petiolare . 

R. tnerme . 

R. viscoHesiinum . 

R taciistre .. 


Per¬ 
cent 
m H 
35.2 
63.0 
11,8 


Per- 
cent 
98 7 
84 0 

16 3' 


Per¬ 
cent 
94 0 
81 3 
63 5 
35.8 


Per- 
CflU 
6 0 
24 9 
29.4 
79 8 


Per¬ 

Per¬ 

cent 

cent 

0.7 

1.5 

5 7 

8 3 


19.2 

W) 2 

45 6 


Per¬ 
cent 
3.0 
34 2 
8.4 
3 2 


Per- Per¬ 
cent cent 
0 4 4.2 

7 8 8 2 

.... 5.6 
0 3 4 4 


Per¬ 
cent 
0.6 
5 0 
7 3 
5 1 


Per- Per¬ 
cent cent 
0.1 * 0.2 
2.2 2 0 
9.7 

2 8 10 0 


1 Bshis, all plants tested, as in table 4. 

* Includes natural defoliation as well a.s that induced by rust and drought before telia could be produced. 

* Tested during 3 years only, 1926-28. 

* In most cases insignificant percentages of the infected leaf surface still bore uredia at the time of final 
examination, consequently the percentages shown here usually total slightly under 100 for each form of each 
species. 


Table 7 indicates that necrosis, i. e., death of infected leaf surface 
before either fruiting stage appears, was of comparatively little 
significance and that only in the case of open-grown 72. inerme was 
falling of infected loaves from the bushes an appreciable factor in 
the reduction of telial sporulation. Most of the difference between 
infection and telial production is accounted for by death of leaf surface 





Sept. 1 ,1937 Suscepiibility oj Four Ribes to Cronartium ribicola 337 

bearing uredia. This occurred most commonly in the species and 
forms of relatively low telial production and was most striking in the 
case of R, lacustre, where it was apparently intensified by the warmth 
and dryness of midsummer. The great majority of the telia produced 
by tliis species developed at a relatively early date. Because of the 
partial loss of infected leaves in the natural cast of early-formed foliage 
and the failure of the rust to spread to other leaves, it is often difficult 
during the latter part of the growing season to find the rust on R. 
lacustrey even on bushes initially well infected. 

Telial production per unit of leaf surface infected showed a general 
tendency in the present tests to increase with the percentage of leaf 
surface infected (table 8). This relationship was not sufficiently con¬ 
stant, however, to permit the certain prediction that because a species 
exhibits high susceptibility to infection it will have a similarly high 
percentage of the infected surface bearing telia, or vice versa. Varia¬ 
tion in tiiis relationship is evident between the species and forms 
shown. For example, the open form of Ribes inermey with an average 
of nearly 14 perc(*nt of the leaf surface infected, bore telia on only 
about 35 jiercent of the infected surface, wliile the shade form of iJ. 
viscosissimuJHy with only 11.5 percent of the surface infected, bore 
telia on 63.5 jicrcent of the infe<‘4ed surface. Similarly, there are wide 
discrepancies between production of telia on the various forms of /?. 
Incusire and on the open form of R. mscosisswinm, which falls in the 
same range as R. lacustre in percentage of leaf surface infected. Miclke 
and llansbrough (^) found a far more extreme example of lack of 
correlation in the case of i?. roezH (Reg.) C^ov. and Brit., one of the 
most important California species. Tests of this species over a period 
of 2 years gave an average of about 46 percent of the leaf surface 
infected, while only about 0.7 percent of the leaf surface bore telia. 
In this case infection hastened defoliation of the test plants to such a 
degree that most of the infected leaves fell before telia could be pro¬ 
duced. This species was tested outside its range, however, and may 
possibly show a considerably higher telial productivity in California. 

Tarlk S. Percenlngv of leaf surface infected in relation to percentage of leaf sur^ 
fact bearing telia on inoculated flihes, interior British Columbia, 


Species and growth form i 

Leaf 

1 surface 
infected 

j 

Infected I 
surface 
bearing 
telia 1 

Species and growth form 

T^f 

surface 

infected 

Infected 

surface 

bearing 

telia 


Percent 

Percent 


Percent 

Percent 

/f. petiolare (part shade) 

R. petiolare (shade). 

36.1 

98.7 

1 R, vUcotissimum (shade). i 

1 11 5 

63.5 

34.8 

94.0 

R. tacutire (shade). 

8.1 

35.8 

R. tnerme (shade) -. 

23 0 

81.3 

R. vitcotistimum (open). 

R, lacustre (part shade). 

6.6 

53.0 

R. petiolare (open). 

R tnerme (part shade). 

R. inerme (open). 

22.6 

89.8 

4.3 

16.3 

22.4 I 
13 9 j 

84.0 

35.2 

R, lacustre (open). 

3.4 

11.8 


Thus, while there is a general tendency toward positive correlation 
between percentage of loaf surface infected and percentage of infected 
surface bearing telia, tffis correlation is by no means absolute. The 
leaf tissues of Ribes petiolare are comparatively tliick and strong and, 
once infected, are generally capable of sustaining and permitting the 
growth of rust hyphae until a good crop of teha is produced. The 
shade and part-shade forms of R, inerme are also high in the percent* 
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age of infected surface bearing telia, but the open form is relatively 
low because of the susceptibility of its tissues to rust and drought 
injury. mscosisshnumj while relatively low in susceptibility, is 
relatively high in the percentage of the infected surface bearing telia. 
The tissues of this plant are more resistant to rust and other injury 
than are the open form of R, merme and all forms of 7?. lacustre. The 
latter species produces telia from relatively small proportions of the 
infected surface, although under favorable conditions the shade form 
and, to a lesser degree, the part-shade fonn sometimes show a good 
production of telia. The open form is characteristically meager in 
telial production. 


TELIOSPORE PRODUCTON BY SPECIES 

There arc great differences between species in teliospore production 
per unit of leaf area bearing telia. In some cases telial columns are 
small and sparse, while in others they are comppatively large and so 
abundant as to be almost matted. The latter is frequently the case 
with Ribes j)etiolarej the infected surface of which characteristically 
produces a relatively dense stand of well-developed telial columns. 
The distribution of the columns is somewhat sparser on the infected 
surface of R. merme^ but the columns are frequently longer, particu¬ 
larly on the shade and part-shade forms. Very short stout columns 
are commonly noted on /?. y an^ tlieir distribution is 

usually more scattered than on R. inerme, Telial development on 
R, laenstre in nature is almost always relatively sparse, and the 
columns are generally small in diameter althougfi oiten quite long. 
Data in table 4 are therefore unsatisfactory as indices of teliospore 
production. 

Taylor (18) has made counts of telial columns and teliospores for 
several ribes species, including one {Ribes lacustre) involved in the 
present study. Her results, unfortunately, are not generally appli¬ 
cable, since the averages given were determined for units of total leaf 
surface rather than infected or telium-bearing surface. In the present 
study, relative values roughly expressing the difference in teliosjiore 
production per unit of leaf surface bearing telia were secured by ocular 
estimate of the average relative density and bulk of tlie telial columns 
on the telium-bearing surface for each ribes species and form. These 
estimates, based on comparative study of the extensive collections of 
representative specimens taken during the tests, and relative values 
indicative of the actual differences in teliospore production between 
the various species and forms, are given in table 9. 

Other studies not yet reported have demonstrated that cither 
Ribes viscosissimum or R, lacustre is quite capable of spreading enough 
infection under natuml conditions to destroy associated pine. The 
enormous potential pine-damaging power of R. petiolare and R. merme 
may therefore be readily inferred from the comparative ratings in 
table 9. 
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Table 9. —Relative leliospon-produclion eetimates for inoculated Ribes species, 
interior British Columbia, 1924-28 

RELATIVE PRODUCTION OF TELIOSPORES PER UNIT OF TEI^IUM-BEARING 

SURFACE » 


^•’1)60168 

Form of species 

1 

1 Open 

1 

Part shade 

Shade 

R jictiolare^. .. * ___ 

1 100 

85 

75 

R.inerme ....... 

1 60 

70 

80 

R. viscosisshnuM. _ - .. .. 

10 


15 

R. lacuatTe ... - . _ __ 

6 

G 

7 


RELATIVE TKJ.IOSPORE PRODUCTION PER UNIT OF TOTAL LEAF SURFACE * 


R.petiolare ..... 

R inerme.. ... . . .. . 

2,030 

294 

3,026 

1,310 

/?. rwcoAi’MiTOurw,.^ . .. ...... 

35 

R. iacii9fre .. .. ..... 

2 

4 





J Arbitrary scale Rolativ o mass of f elial columns i»er unit of leaf surface bearinp telia=100 in open-prown 
H petuilare 

* The numbers given are relative values indicatne of the actual differences in teliaspore prwluction 
bet\^een the various si>ecies and forms The values were derived by multiplying average percentages of 
loaf surfac’e bearing telia in table i XlOOXthe corresponding estimates shown in the upper part of table 9. 


LOCAL AND ANNUAL DIFFERENCES IN INFECTION 

Tlio relative susceptibility and telial productivity of these four 
species and their forms in nature are fairly constant, and the average 
susceptibility of any one of them in Idaho seems to be about the same 
as in British (Columbia despite some rather distinct climatic differences 
between the two regions. (wSee fig. 2, tables 4 and 5, and discussion.) 
Then' are, liowever, pronounced local and annual variations in the 
amount of infection in response to differences in the weather. An 
idea of the range of such variability may be gained from table 10, in 
which infection on groups of bushes in several different localities is 
shown for 2 or 3 consecutive years. In each locality the same groups 
of bushes were used during each year for which results are showm. 

For the best initial infection from aeciospore inoculations in nature 
two conditions wore found to be essential in the present tests: (1) 
That the leaves bo young, which is their most susceptible stage {6), 
and (2) that favorable moist periods occur immediately following the 
inoculations. For uredial intensification thereafter a good distribu¬ 
tion of favorable moist jieriods in synchronization with the production 
of urediospores is more important than the total amount of precipita¬ 
tion. Weather conditions during the 3 years differed widely in these 
respects. 

Spring in 1920 was one of the earliest on record, stimulating an 
exceptionally early vegetative development of ribes. Favorable in¬ 
fection weather duiing the early part of the season, but mainly after 
the leaves had passed their most susceptible stages, was followed by 
severe drought which began in early «Tune and continued into the latter 
half of August. In 1927 the season w^as late, with a corresponding 
retardation of the commencement of ribes leaf development. Early 
in the season moisture conditions were favorable, with precipitation 
above normal in May and early June. From then through July pre¬ 
cipitation was somewhat below normal but well distributed, and there- 
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after it was considerably above normal as well as favorably distributed. 
Spring in 1928 was late, as in 1927, but most of May was relatively 
dry. Rains commenced in the latter part of May and from then into 
July precipitation was well above average and well distributed. Tins 
early-summer moist weather was succeeded by subnormal rainfall in 
August and by extreme drought during the remainder of the season. 
Monthly rainfall records covering the period from April to November 
at weather stations nearest the study areas are given for 1926 to 1928, 
inclusive, in table 11. These records have been compiled from daily 
weather reports which were used in the analysis of the above-mentioned 
infection conditions. 

Table 10 .—Local and annual variation in severity of infection of Ribes species ^ 

British Columbia, 1920-28 


Total leaf surface*— 


Growth form, species ^ and locality 

Infected 

Producing tella 


1926 

1927 

1928 

1926 

1927 

1928 

Open form: 







R. peitolare: 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Kelowna swamp.. .. 

27.9 

40 2 


27 8 

36 7 


Nine Mile Creelt. 

51 4 

35 0 

3.0 

51.0 

34 3 

ib 

R. inerme: 







* Kelowna swamp. 

1 9 

44.6 


1 9 

14 7 


Nine Mile Creek. 

5 5 

21 4 

10 0 

3 4 

1 8 

ie 

R. viscosisstmum: 







Canyon Creek. 

6 

12 4 

17 1 

2 

3 3 

4 7 

Camp McKinney. 

. 

7 5 

. 7 


G 5 

.4 

R. lacuitrc: 







Canyon Creek. 

05 

13 6 

3 9 

Trace 

8 

.5 

Nine Mile Creek.. 

.9 

4 9 

7 

1 

4 

2 

Camp M cKinney .... . 


12 G 

8 7 


1 i 

1.8 

Shade form: 







R. petiolare: 







Kelowna swamp. ... 

03 

1 5 


.03 

1 4 


Summerland. .' 

30 0 

46 6 


29 8 

38 0 


Havnes Creek...i 

1 20 7 

37.0 


20 5 

35 3 


Nine Mile Creek.. 

1 46 5 1 

36 H 

20 0 

46.3 1 

3f) 4 

19 6 

Camp McKinney. 

:_ 

65.7 

71 3 


63 0 

65.4 

R, inerme: 


1 


i 



Kelowna swamp. 

21 1 

' 34 4 


21 1 1 

1 30 1 

1. 

Nine Mile CreeK... ... 

1« 7 

29 1 i 

10 4 

17 3 

1 20 5 

1 8 2 

R. viscosisHmum: j 






1 

Canyon Creek.. 

9 

11 8 

22 9 

3 

4 7 

! 6 9 

Camp McKinney. 


12.3 

10 9 1 


11.4 

1 7 5 

R lacustre' 



1 




Kelowna swamp.. . 

01 

7.2 


Traw 

3 5 


Canyon Greek.. 


19.8 

4 6 j 

Trace 

2 3 

.6 

Haynes Creek.. 

2.1 

13 8 


4 

6 4 


Nine Mile Creek. i 

7 5 

10 2 

i.o 1 

1 1 

3 4 

.3 

Camp McKinney...j 


13.3 

11.2 1 


8 9 

3.4 




1 





I The numlier of bushes used as a basis iu each test ranged from 16 to M but was usually about 50 
* Leaders indicate that the group was not tested. 


Weather at the time of inoculation in 1926 was favorable to in¬ 
fection, but ribes leaves were too far advanced {6) for best results 
except at the Nine Mile Creek and Haynes Creek areas. In these 
two locahties the development of vegetation was 7 to 10 days behind 
that at lower elevations and ribes leaves had not passed beyond the 
highly susceptible st^e at the time of inoculation. Midseason 
intensification was limited by the decidedly subnormal rainfall during 
June and July. 
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Table 11 .—Rainfall ^ near atvdy areas during growing season, interior British 

Columbia, 1926-BH 


Locality and year 

April 

May 

June 

July 

August 

Sei)- 

tember 

Octo¬ 

ber 

No¬ 

vember 

Kelowna. 

Inches 

Inches 

Inches 

Inches 

Incites 

Inches 

Inches 

Inches 

1926... 

0 58 

1 13 

0.33 

0 20 

1 20 

0 96 

1.08 

1.49 

1927. - . . - ..- 

.23 

.81 

96 

.33 

1.97 

2.71 

1.76 

2.95 

1928.-. 

1 34 

.82 

1.86 

.64 

82 

.10 

.49 

.57 

Normal. 

.73 

79 

1 03 

.56 

84 

1 05 

1.12 

1.14 

Hummerland* 









1926.... . 

.8:1 

.98 

69 

16 

.83 

.55 

,73 

.72 

1927. .- - - 

.28 

82 

90 

54 

1..37 

2.17 

1.34 

2,57 

1928 _ - -.. 

1 57 

1 16 

1 48 

1 65 


.01 

.39 

.35 

Normal.. 

.72 

. 75 

1 03 

.51 

.69 

.78 

89 

1.02 

Kock Creek: 









1926 . .. 

.76 

1.31 

1.53 

.25 ! 

2.16 

2 15 

1.44 

1 54 

1927 .- _- 

m 

1.62 

1.93 

.50 

1 25 

4 06 

1.22 

2.61 

1928 _... . .... 

1 40 

40 

3 76 

1 73 

.52 

.00 

.42 

42 

Normal__ . . _ . 

1.00 

1 18 

1 m 

.98 

.96 

1.09 

89 

1.19 

Oliver* 


1 



1 




1926. . ... 

33 

.48 

.49 

.24 

! 1 43 

1.36 

94 

j 85 

1927.- . 

23 

77 

1.55 

20 

' .96 

1 62 

1 73 

1 .59 

1928 .. . . .. 

1 00 

.58 

1.31 

i.(Kl 

i .28 

.(K) 

j .23 

1 .50 

Normal.. 

43 

4.5 

97 

26 

; 

68 

1 

' 67 

1 90 


' From British Columbia Deimrtment of AKriculture weather retnirts 


The season of 1927 was outstandingly favorable for the develop¬ 
ment of the rust over most of the region. A good synchronization 
of the early susceptible stages in ribes leaf development and suitable 
w(uither generally attended the inoculations, resulting in good initial 
infection, and the well-distributed precipitation that followed encour¬ 
aged an abundant uredial intensification. Mild rains from May 17 
to June 13 stimulated the development of the rust on Ribe^^ lacustre 
particularly, since any decided increase of infection in this species is 
limited, by the nature of its susceptibility, to the early part of the 
season, ^he only test groups on which infection w^as less severe than 
in 192G were at Nine Mile Creek, w^here both open and shade forms of 
R. petiolare showed relatively less rust in 1927. Growth starts 
several days later in this species than in associated ribes, and by the 
middle of May, at the time of the first inoculations in 1927, only a 
few' small leaves had appeared on the Nine Mile Creek bushes. A 
second inoculation in early June was not immediately follow^ed by 
rain, and the initial infection resulting from the inoculations was 
therefore relatively light. Although infection intensified well later 
in the season, it did not entirely overcome its original handicap on 
these plants. R, inerme is very sensitive to w^eather conditions, and 
tlie open form of this species suffered so much defoliation during a 
local midseason heat wave at Nine Mile Creek that very little in¬ 
fected surface was left to produce telia. 

In 1928 a considerable wait w^as required before weather favorable 
for inoculations arrived, and by that time, in late May and early 
June, the leaves had generally passed their most susceptible stages 
except at Camp McKinney. The plants at Canyon Creek were 
inoculated three times, and although many of the leaves were matur¬ 
ing and becoming resistant, infection w^as facilitated by showers 
foflowing two of these inoculations. The rust developed particularly 
well there on Ribes mseoswsimum. In this species, age of leaves at 
time of initial infection exercises less influence than in any of the other 
three ribes species (6). R. lacustre, the only other species tested 
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there, showed a decided reduction in degree of infection compared 
with that winch it developed in 1927. l^eaves of all the ribes were 
still fairly susceptible at Camp McKinney, but were becoming re¬ 
sistant at Nine Mile Creek, and therefore relatively little infection 
developed at the latter place in spite of favorable weather conditions 
following two inoculations. The prolonged dry spell beginning in 
late summer reduced subsequent intensification over the entire region, 
having an exceptional effect in the case of open-grown R. petiolare at 
Nine Mile Creek, where leaves, normally susceptible throughout their 
life, became leathery and resistant. Because of the importance of 
late pyramiding of infection in this species, the drought exorcised an 
extremely retarding influence in this case. 

Another group which exliibited an extraordinarily wide reduction 
from 1927 levels at Nine Mile Creek was the shade form of Ribes 
lacustre. By the time of the inoculations here in 1928, the leaves of 
tliis form had hardened off to a stage of such resistance that there 
was comparatively little initial infection or subsequent intensification. 

Still another group to show a reduction in infection from 1927 
levels was the open form of Ribes riscosissimum at Camp McKinney. 
This was surprising in view of the fact that the open form of 
lacustre there showed but a relatively slight reduction. Initial 
infection was lighter on both groups than in 1927, but a good wave of 
intensification raised the percentage of surface infected on the /?. 

, lacustre while the rust on R. viscosissimum> remained practically at a 
standstill. 

Considering the species individually (table 10), Ribes petiolare, 
with the exception of the open fomi at Nine Mile Creek in 1928, 
showed the smallest percentage of seasonal variation in the degree 
of infection. In this case the resistance was clearly induced by an 
extraordinary effect of the weather on the host. The shade-form 
plants of R. petiolare at the Kelowna swamp showed high resistances 
in both 1920 and 1927, while the open-form plants were heavily 
infected in both years. Here the resistance appeared to be primarily 
inherent, for conditions for infection in the slnide at this place were 
favorable in both years, as indicated by the reaction of the shade- 
form plants of R, imrme nearby. R, petiolare as a rule maintained a 
high degree of susceptibility and was consistently high in the propor¬ 
tion of its infected surface that bore telia. This was true whether 
resistance appeared inherent, as in the case of the shade form at the 
Kelowna swamp, or induced, as in the case of the open form at Nine 
Mile Creek in 1928. Observations of the part-shade form of this 
species, aside from the results under immediate consideration, indicate 
that its reactions are similar to those of the shade form. 

The shade form of Ribes inerme was generally similar to that of 
R. petiolare in uniformity of local and seasonal infection and in the 
ratio of the percentage of surface bearing telia to the percentage of 
surface infected. At the same time its open fonn in the same places 
and years was higlily variable in both respects (table 10). The very 
light infection of tliis form at the Kelowna swamp in 1926, as com¬ 
pared with the heavy infection there under the more favorable 
weather conditions of 1927, and the low proportion of infected leaf 
surface bearing telia on the Nine Mile Creek plants in 1927, as com¬ 
pared with the relatively high proportion bearing telia on these plants 
under the lighter infection conditions of 1926, clearly illustrate this 
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point. As already shown, the frecjuent failure of tliis form to bear 
telia abundantly under conditions of heavy infection is caused pri¬ 
marily by its susceptibility to injury and defoliation from rust and 
drought before telia can be produced. The foregoing conclusions 
for this species, in addition to being supported by all results in the 

E resent tests, were further substantiated by observation of its he¬ 
avier at two centers of heavy natural infection in north Idaho. 
The part-shade form generally resembles the shade form in its reac- 
tions. 

The data for both forms of Kibes lacustre and R. viscosissimum in 
table 10, with the possible exception of the results at Camp McKinney 
for the shade and open forms of R. lacustre and the shade fomi of 
R, viscosissirnufn, indicate a high degree of variability in seasonal 
reaction to the rust within a relatively limited range of susceptibility. 
As a rule these ribes species show a considerable degree of variation 
in their group reaction from season to season both in percentage of 
leaf surface infected and percentage of infected surface bearing telia. 
In other words, they may vary from almost immune in an unfavorable 
season to moderately susceptible when conditions arc especially 
favorable for rust development. Of the two. R, viscosissi7num appears 
the more dangerous as a potential source of infection of white pines, 
at least as far as ability to produce telia is concerned. 

Elevation is a local environmental factor which has an influence 
on the phenology of both the rust and the host. The short growing 
seasons at high elevations provide a more limited period for uredial 
intensification. At such elevations, however, the greater and more 
frequent precipitation may create more opportunities for infection, 
thus resulting in a greater abundance of rust on ribes at higher than 
at lower elevations, particularly in a dry season. 

Another environmental factor of some local importance in variation 
in the development of rust is the occiiiTence of dew. At the Kelowna 
swamp and to a lesser degree at C^anyon and Nine Mile Creeks there 
was evidence that heavy dews caused uredial intensification. This was 
also observed along the bottoms of many of the moist canyons in the 
white pine belt of north Idaho. Intensification from dews is generally’’ 
much less than that caused by rains. 

From the foregoing discussion it is evident that weatlier and local 
environmental conditions influence the development of the rust on 
ribes directly and by affecting the host. The important effect of host 
phenology upon initial infection and subsequent intensification has 
been mentioned. For the best initial infection it is essential that the 
period in which ribes leaves are in their most susceptible stages of 
development be synchronized with the period of maximum aeciospore 
production and with moisture conditions favorable for infection. To 
assure the maximum intensification thereafter, moist periods favorable 
for infection should come at fre<pient intervals coinciding with periods 
of abundant urediospore jiroduction. Normal irregularities in weather 
during the season almost invariably prevent any such ideal coincidence 
of favorable factors, although such conditions may occasionally be 
approached in one locality or another. In tliis respect climate is 
perhaps primarily important in its influence on the rust. On the 
other hand, abnormally cold or hot spells or other unseasonable 
weather conditions at any time during the growing season may and 
frequently do completely upset the processes of infection and inten- 
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sification, primarily through their influence on the host. Thus, to 
use an extreme example, the development of ribes leaves and aecio- 
spores may be stimulated by earlv-season warm weather, rains may 
follow and good infection take place, and then the plants may be 
locally or generally defoliated by frost or drought. 

To summarize, Bibes petiolare, disregarding its resistant form^ 
which probably does not represent more than 10 to 15 percent of the 
species, and disregarding exceptional cases where a rather high degree 
of resistance was encountered, appears to be the most uniform of all 
species in its local and seasonal reaction to the rust. In general, it 
ranges from moderately to very highly susceptible and produces telia 
abundantly from the infected surface. The shade form of R. inerme 
exhibits similar unifoimity but is less susceptible and considerably 
lower in telial production. The open form of this species shows con¬ 
siderable differences in amount of infection and telial production from 
one year to another. This variation is apparently caused by sensitive¬ 
ness of this form to abnormal temperatures and drought. R. lacustre 
and R. viscosissimum are generally resistant, but in their more sus¬ 
ceptible forms, and particularly in the case of R, viscosissimum , may 
be moderately susceptible when weather conditions are favorable. 

GENERAL RESULTS 

The results of the study indicate a susceptibility and capacity for 
telial production in Ribes petiolare approaching that of the cultivated 
black currant from plantings of which damaging infection has been 
known to spread to pines for over a mile. n. inerme compared 
favorably with other higlily susceptible wild species from concentra¬ 
tions of which instances of similar spread have been observed. Even 
the relatively low telial production of R. viscosissimum and R. lacustre 
is known to bo sufficient under moderately favorable conditions to 
seriously damage associated pines. The studies have given results of 
basic value in devising scouting programs to detennine the extent of 
spread of the rust,® and in the development of control plans (20). 

SUMMARY 

This paper r^orts the results of studies of the white-pine blister 
rust in Bntish Columbia and Idaho. The investigations were under¬ 
taken to determine the susceptibility and telium-producing capacity 
of the four principal ribes species in the commercial range of western 
white pine (northern Idaho, northeastern Washington, and western 
Montana), as a preliminary measure of the potential pino-infocting 
power of these species. 

Since the tests were concerned entirely with the probable compara¬ 
tive importance of these ribes species in spreading infection to pines,, 
methods used in other rust investigations were not applicable. New 
systems of recording data, developed to meet the needs of the study, 
are fully described. 

The four species studied were Ribes petiolare^ R, inerme, R. vis^ 
cosissimum, and R, lacustre, all of which were present in the range of 
the rust in British Columbia. The studies were conducted under 

• BuaMRBUSTiNTHK FAE WEST. Jan. 1 to Dec. 31. im. Spokane Branch Off. Blister Rust ControK 
379 pp [Typewritten report ] See pp. 178-188. 
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natural conditions and included 5,098 tests (nearly 3,000,000 leaves 
on 2,740 different bushes) in interior British Columbia, from 1924 to 
1928, inclusive, and 1,358 tests (nearly 500,000 leaves) in the coastal 
region of British Columbia. Results were substantiated by 562 
tests (nearly 400,000 leaves) conducted in the white pine region of 
northern Idaho during 1933 and 1934. Ribes species other than those 
studied are seldom encountered in the commercial range of western 
white pine. 

Kibes petiolare was found to be extremely susceptible, approaching 
cultivated black currant in both severity of infection and production 
of telia. R. inerme is also highly susceptible, under very favorable 
conditions, equaling or surpassing B, petiolare in extent of infection, 
and bears abundant telia when growing in the shade. R, rriscosis- 
simum and 72. lacustre are more resistant. The latter occasionally 
becomes moderately infected, but is almost always quite low in pro¬ 
duction of telia. When density and size of telial columns are con¬ 
sidered, the relatively greater teliospore production and potential 
danger to associated pines of R. petiolare and R. inerme appear even 
more pronounced. Infection is heavier and telia are more abundant 
on plants in the shade than in the open. Data on average infection, 
telium production, and teliospore production are given for open, shade, 
and part-shade forms of each species. 

Relative susceptibility and ratios of telium production to percent¬ 
ages of leaf surface infected remained fairly constant, but weather and 
other environmental factors caused pronounced local and annual 
differences in the degree of infection between individuals and groups 
of individuals of the same species and form. It also appeared that 
variation was affected by the inherent differences in susceptibility 
between individuals. 

Results of the studies have been of basic value in formulating plans 
for control of the rust in northern Idaho and adjacent Montana and 
Washington. 
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A MICROCHEMICAL COLORIMETRIC pH PROCEDURE 
FOR DIFFERENTIATING THE TELIA OF CRONARTIUM 
RIBICOLA AND C. OCCIDENTALE ‘ 

By Rubv J. Ackbe, assistant pathologist^ and Waiiren H. Goss, formerly junior 
chemist, Division of Forest Pathology, Bureau of Plant Industry, United States 
Department of Agriculture * 


INTRODUCTION 

Efficient control of the Avhite-pine blister rust {Cronartium ribicola 
Fisch.) is dependent upon early recopiition of advance infections on 
ribes. As the distance between the areas in the West infected respec¬ 
tively with C. ribicola and with C. oceulentale Hedge., Beth., and Hunt 
grows shorter, the differentiation of these two rusts in all stages becomes 
increasingly necessary. The present work was undertaken because 
there w’'as no known method of differentiating the two rusts in the telial 
stage. Veiy frecpiently from August to the end of the season the 
ribes leaves (*>ollected bear telia only. It was liighly desirable that the 
differentiation be a quick, 100-percent effective method, applicable to 
small and sparsely infected specimens such as advance infections are 
likely to furnish. All the standard biological stains that had been tried 
failed to give any differentiation. Measurements of length and 
wdiltli of the t('lia of the two species gave unsatisfactory data, showing 
definite differences between the averages of a considerable number of 
specimens, but overlapping and therefore of no significance wdien 
applied to one unknown sample. 

It w'as assumed that certain constant differences in morphology, 
physiology, and behavior occurring in tlie other spore stages of these 
two species were concurrent with some basic physical-chemical 
difference in the telial stage, how'ever small or variable. Because 
pH measuring methods indicate by color very minute differences in 
acidity or alkalinity, wdiich can have marked influence on the physical- 
chemical properties and reactions of tissue constituents, a series of 
exploratory studies of pH reactions was made. 

RESULTS OF EXPLORATORY EXPERIMENTS 

Though the exploratory studies involved different methods of 
approach and were constantly refined and changed, from the very 
beginning all the findings were consistent and supported the theory 
of the reactions occurring in this procedure. 

The results of these preliminary studies showed some chemical dif¬ 
ference in the two species as indicated by their action upon various 
indicators, the effects of indicators on them, and differences in the pll 
values of measured quantities of wrater in wdiich weighed amounts of 
telia were extracted. In each case, however, the differences w^ere 

1 Received for publication Feb. Ifl, 1937; issued September 1937. This work, w^hich was done at the Bureau of 
Standards, U. 8. Department of Oomnierce, is one of a series of coojierative invest ijtations carried on by that 
Bureau and the Division of Forest PatholoRy, Bureau of Plant Industry, U. S. Department of Agriculture. 
The research was supported in part by Emergency (Conservation W'ork. 
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those between the averages for a number of telia. and overlapped in 
much the same way as spore measurements. They were consistent 
for not over 70 percent of the specimens tested and negative or without 
significance for the others, or else very slight or transitory. For 
instance, some indicator solutions or mixtures containing indicator 
solutions produced colors in the two species differing in hue as much 
as two indicator solutions 0.1 to 0.5 pH apart. It was, however, 
impossible to establish color standards with any of the methods de¬ 
veloped in these preliminary experiments because the initial color of 
the telia of both species is yellowish, ranging from light honey to 
reddish brown, and varies in hue and intensity more within a single 
species than an indicator varies in hue and intensity over 0.4 to 0.5 Hp. 
Furthermore the phenolsulfonphthalein indicators, the precise appli¬ 
cation of which to pH problems has been developed ^ ^ by S. F. Acree 
and his coworkers are yellow on the acid side and intensely red, green, 
or blue on the alkaline side of their range. Obviously the conabination 
of the variable initial color of the telia with the color of the indicator 
results in color massing and proportionate variation in the final color, 
and only a procedure resulting in two distinct colors, separated on 
the spectrum, would supply unmistakable differentiation of these two 
species. As pointed out previously, it was also necessary to have a 
method applicable to both sparsely and heavily infected specimens. 

EQUIPMENT AND PROCEDURE 

A procedure was finally developed that caused the telia of (7ro- 
nartium occidentale to appear a bright green and those of ( 7 . ribicola a 
brilliant blue, when viewed under the compound comparison micro¬ 
scope or the compound microscope with a magnification of 108 X. 
Citations to color charts for a more accurate description of these 
colors are given along with other details of the procedure. 

The procedure consists essentially in consecutive measured exposure 
of the telia to 0.1 N hydrocliloric acid, distilled water, and 0.001 M 
broinphenol blue adjusted to pH 7.6 (three units above the pH color 
range (3.0 -4.6) of this indicator). Exposure to the acid and water is 
measured by the time interval of and the amount of agitation during 
each step. Exposure to the indicator is controlled by regulating the 
thickness of the film of indicator in the mount. The exploratory ex¬ 
periments gave evidence of a minute but not easily demonstrated 
physical-chemical difference between the two species. The procedure 
intensifies and amplifies this difference and expresses it in two definite 
and unmistakable colors. 

The critical factors in the procedure seem to be the balance between 
the exposure of the telia to the hydrochloric acid and to the water 
and the choice of indicator and its pH adjustment. If the concentra¬ 
tion of the acid solution, the length of the time intervals in acid or 
water, or the pH value of the bromphenol blue are changed at random, 
the results vary over a wide range of yellow, brown, green, blue, 
purple, and mixtures of all or any of these colors, or the two species 

3 Birue, R. T., and Agree, S. F. on the quinone phenolate theory op indicators, a spectro- 

PHOTOMETRIC METHOD FOR MEASURING THE CONCENTRATIONS OF QUINOIDAL AND I.ACT01DAL BALTS AND 
THE EQUILIBRIUM AND AFFINITY CONSTANT.^ OF THE PHENOLPHTHALEINS AND PHENOLaULFONPHTHALSlNB 
Jour. Amer. Cheiti. Soc, 41: 1031-1060. 1919. (Contains references to earlier paiiers.) 

< AGREE, S. F , and Fawcett, E. U. the prorlkm of dilution in colorimetric h-ion-mkasurk- 

MENTB. II—-USE OF IfiOHYDRIC INDICATORS AND 8UPERPUHE WATER FOR ACCURATE MEASUREMENT OF 
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jnay stain the same shade of green or blue, different shades of green 
or blue, or both green and blue in the same mount. It is probable 
that variations in the exi)osures and concentrations used in tliis pro¬ 
cedure could be rearranged so that the balance would not be destroyed 
and the results would be the same. 

The success of this procedure indicates that a combination of ini- 
crochemical technique and pH procedure may offer new possibilities 
for the differentiation by color ()f species and varieties otherwise in¬ 
distinguishable. There is a definite need for such methods in the study 
of such groups of fungi as the rusts, where the lack of any known 
method of artificial cultivation deprives the investigator of this prolific, 
source of criteria for species identification. 

For readers who may be concerned with solving a similar problem, 
tlie ])rocedure will be described as it was carried out during the develop¬ 
ment of the iirocess and will, therefore, include the equipment and 
handling necessary for putting two preparations tlirough the same 
treatnuuit, separately and as nearly simultaneously as possible. Any 
<liscrepancies in ecpial })roc(\ssing of the two samples, due to the neces- 
>ity of starting one first, were ke])t at a minimum by starting one 
samjile first in each sc'parate step of the process and then repeating 
and starting the othc'r sample first each time. 

The following items were assembled ready for use: 

(1) A dissecting luicroscoix*; A\idc-anglo lenses greatly increase comfort and 
cfliciency. 

(2) A cojri])arison microsco])e e(juipped with a OX ocular and 10-, S-, 4-, and 
2-nim ()})j(‘ctives, hul for these experiments the 10-mm ohjective would lia\e been 
sufficient. 

(3'> Sain})les to be tested: Pieces of ril^es leaves one-eighth to three-eighths of an 
inch across bearing some normal fully de\eloped telia. 

(4j A clean, highly i)olis}ied curved scalped with sejiiare end and convex cutting 
<‘elg(‘. 

(o) A clean, polished, slender-tipped pair of forceps. 

(,t)) A small w ater-color cainel’s-hair brush with the bristles cut off straight across 
tlie thickest ])art of the brush, 

(7) A bottle of 0.1 N h\drocliloric acid. 

(S) A beaker of 100-cc capacity, containing 50 cc of distilled water. 

(9) Four glass jars or flasks wdth to})s or stopjicrs of about 30-cc capacity, each 
<*ontaining 25 cc of di.stilled water; tw'o jars to be used for first washing and two for 
.second washing. 

(10) A supply of small torn pieces of absolutely clean dry filter paper. 

(11) Some chemically clean cover glasses and slides, with labels. The labels 
must be pasted on without smearing exce.ss glue out onto tlie slide, to avoid chem¬ 
ical contamination. 

il2) Wash bottle or beaker containing distilled water. 

(13) A waste jar or beaker. 

{14) Tw o w atch glasses about 2 inches in diameter, each containing 1 ccof 0.1 X 
hydrochloric acid. This acid should be put in the watch glasses just before start¬ 
ing the test. 

(15) O.OOIM bromphenol blue adjusted to jiH 7.6, preferably in a pyrex drop¬ 
ping bottle. 

(16) 8onie sterile surgeons’ gauze. 

To cut down the time of manipulation and so keep the processing 
of the samples of the two species as nearly simultaneous as possible, 
the same camers-hair brush, forceps, and scalpel were used in each 
step and for both species. After each single manipulation, however, 
the instrument used was washed in distilletl water and dried on sterile 
surgeon's gauze. The possibility of introducing error-producing 
chemicals through contact with the gauze was checked by previously 
boiling the gauze in distilled water for 10 minutes and comparing the 
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pH reading of this water with that of the same cmantity of distilled 
water from the same source, boiled 10 minutes. The gauze produced 
no change in the pH value of the water. 

The procedure is as follows: 

(1) Note the starting time and drop the samples of leaves, with 
telia-bearing surfaces down, into watch glasses containing 2 cc of 
0.1 N hydrochloric acid. 

(2) Under the dissecting microscope, reverse the samples so that 
the telia are up and with the camers-hair brush tease air bubbles from 
the telia and leaf surfaces; turn back so that the telia-bearing surfaces 
are down; agitato by giving the watch glasses two left-to-right motions 
with the hand. 

(3) Twenty minutes after starting time, agitate again by two left-to- 
right motions with the hand. 

(4) Twenty-seven minutes after stating time, agitate again. 

(5) Thirty minutes after starting time, with forceps remove the leaf 
samples from the acid, touch with filter paper, pass through the water 
in the 100-cc beaker, touch with filter paper to remove excess water, 
and put into the jars containing the first wash water and agitate. 

(6) Forty-five minutes after starting time, agitate the jars con¬ 
taining the samples and first w'ash waters, and with forceps transfer 
the samples to the second wash water and agitate. 

(7) Sixty minutes after starting time, agitate the second wash 
•waters containing the samples, remove the samples with forceps to the 

slides and place them to one side of mounting spaces on slides that are 
already in focus under the dissecting microscope. 

(8) Draw excess water from the samples with filter paper but leave 
enough to keep the telia thoroughlj^ wet. 

(9) Putting the scalpel close to the bases of the telia, lift or drag 
them from the leaf. When about a dozen are removed to each slide 
drag them to the centers of the areas intended for mounts, remove* 
excess water with filter paper, put enough brom[)henol blue, pi I 7.0, on 
each lot of telia to make a film between the slide and cover glass about 
the same thickness as the thickness of the telia, and put on the cover 
glasses. 

(10) Remove the slides at once to the comparison microscope for 
observation. During the process of removing the telia from the leaf 
samples and putting on the bromphenol blue, pH 7.0, the telia must 
stay wet, but excess pools of water must be avoided. Obviously an 
excess of water would affect the indicator. ITnder the comparison 
niicroscope it will be observed that the indicator immediately sur¬ 
rounding the telia of both species at first turns yellow. This yellow 
slowly diffuses into the indicator of the remainder of the mount, and 
more or less rapidly the telia of Oronartmm rihicola become blue and 
those of C. occidentale green. Tliis takes from 5 to 15 minutes. 

(11) When the blue or green of the telia approaches its maximum 
brilliancy, place the slides under the dissecting microscoj)e and with 
filter paper draw off all the indicator possible. This must be done 
quickly and be so manipulated that all is drawn from around the telia 
at least, so that any small remaining amount must not contact the 
telia. Press the cover glass firmly down upon the telia and slide by 
applying weights or wooden pinch-type clothespins. This must be 
done so that the mount is as nearly as possible the thickness of the 
telia but mashing of the latter should be avoided. A little experience 
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is needed to develop judgment as to when to draw off the indicator to 
secure brilliant but not overstained preparations and how much pres¬ 
sure will make a thin mount without cruslung the telia. 

Staining with the residual indicator is evidently greatly intensified 
by the evaporation of the water and proportionate increase in the 
concentration of the indicator. This can be easily and quickly con¬ 
trolled by running paraffin oil under the cover glass as soon as the 
colors attain the desired intensity. Tliis makes a clearer, more 
transparent preparation, but the mount is too messy and dust-collect¬ 
ing for anything but temporary use. 

ITnderstainin^ results in softer, less true blues and greens; over¬ 
staining, in bluish or greenish black. The mashed telia are always 
paler and sometimes a less true blue or green. This may be due to the 
smaller mass of color in a thinner layer of cells or to some chemical 
reaction that occurs when the tissue is crushed. It is not necessary to 
leave the (‘lothespins on more than 20 to 30 minutes, but no hann is 
done if they remain on overnight. After the clothespins or weights are 
removed, these preparations can be stored away from the dust and kept 
for several months witliout ringing with balsam, but it is necessary to 
handle them carefully to prevent the cover glass from slipping off. 
For this reason slides that are to be kept should be ringed with Canada 
balsam or collodion too thick to run under the cover glass. To 
facilitate ringing, the balsam can be warmed; but if it contacts the 
telia, their color is sometimes changed. Preparations sealed with 
balsam or collodion retain their transparency and full differential 
color values for at least a year. 

Oil mounts can also be made by removing the clothespins or weights 
and the cover glass, adding a drop of paraffin oil, replacing the cover 
glass arul ringing the mount with Shuh’s cement. Very clear slides 
tluit will keep from (> to 10 weeks are so obtained. In time, how^ever, 
the colors lose their brilliancy. 

As stat(Mi previously, the differential characteristic of this process 
is that Cronartium rlbicohi stains blue and C. occidentale green. The 
blue will vary from a brilliant deep hue to a duller or paler blue and 
tlu* green from a deep bluish green to a softer grayer or pale green. 
Not all the telia on a slide stain evenly; some are deeper or paler, 
harder or softer, more or less true blue or green, but C7. riblcola appears 
definitely blue and C\ occidentale definitely green, under a magnifica¬ 
tion of lOcS X. For accurate description of these colors, Ridgway’s ® 
Color Standards and Maerz and PaiiFs® Dictionary of Color were 
(‘onsulted. Because of the transparent ([iiality of tiie colors in the 
latter, both the greens and blues were best matched in it. The blues 
corresponding most closely to the blues in the C. rlbicola telia are 
found in Maerz and PauFs plate 34 L 7~12, and the greens matching 
those in C, occidentale best are found in their plate 30 L 6-12. Of 
Ridgway’s colors, tlie blues matching best are those in plate VITI, 
light cerulean blue, cerulean blue, oxide, and Antwerp blue, and the 
greens matching best are those in plate VH, light blue, Ouinea, and 
dark viridian green, and plate XVllI, oriental and dark yellowish 
green. 

Upon further study wdth a magnification of 160 X or more, it is 
evident that the blue telia of Cronartium ribicoh are made up of 


» Kidoway, R. color standards and color nomenclature. 43 pp.. Ulus. W^ashington, D. C. 1912. 
« Maerz, a., and Pat^l, M. R. a dictionary or color. 207 pp . Ulus. New York. 1930. 
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white matrix or cell wall and deep-blue spores or spore contents with 
sometimes a little very pale yellow matrix at the tip. Those of 
C. occidaitale have a yellow or pale yellow-green matrix, green or 
green-blue spores or spore content, with sometimes a few scattered 
patches of blue where the indicator has evaporated on the telia sur¬ 
faces. The blue when present is not the clear, brilliant, and undiluted 
blue of the C, ribicola telia, but dull and greenish. The bright-green 
color seen under the lesser magnification is apparently the composite 
color of the layers of pale and deep green, yellow^ and green, yellow 
and blue, green or green blue. For differentiation purposes a mag¬ 
nification of 108 X or less is best, because it shows clearly and 
definitely blue telia if the specimen is C. ribicola and green if it is C, 
occidentale. The reliability of this procedure for identification was 
tested on 173 specimens of known origin. 

The development of this procedure involved a great deal of experi¬ 
mentation in precise techni(iue which was greatly facilitated by the 
use of the dissecting and comparison microscopes. The dissecting 
microscope assists in the elimination of such sources of inacc'uracy 
as air bubbles on the telia and leaf surfaces in the acid bath, and 
excess water in the mount. The simultaneous observation of the 
color changes in the two mounts, made possible by the use of the 
comj)arisoii mi(u*oscope, saves innumerable timing and time records, 
and obviates the necessity of depending upon the memory foj* color 
comparisons. 

SUMMARY 

The established methods of species identification failed to fiunisli 
means of differentiating Crona/iivm ribicola. and (\ occidentale in the 
telial stage. 

It was assumed that certain constant differences in the morphology, 
physiology, and behavior occurring in the other spoj*e stages would ho 
concurrent with some slight but basic physical-chemical difl’erence 
in these two species that would occur also in the telial stage. Studies 
involving pH reactions were made because of the minute differences 
that such methods reveal and wdth the hope that if such a difference 
existed it could be demonstrated unmistakably by color. 

Many exploratory experiments showed that there was a delinit(‘ 
and consistent but not easily demonstrated microchemical difi'erence 
between the two species. The objective then became the development 
of a treatment to amplify this difference and an indicator solution to 
demonstrate it. This was accomplished by certain treatments with 
dilute acid, distilled water, and bromphenol blue under pll control. 

The results of this work indicate the opening of a new field of study 
for the solution of similar problems. The value of applying pll 
methods to problems involving study of very subtle biological differ¬ 
ences lies in the delicacy and precision of the reactions. Tliis is 
evidenced by the consistency of the results when different indicators 
were used in various ways and by the variable results caused by slight 
alterations in the procedure. 



MERMIS SUBNIGRESCENS, A NEMATODE PARASITE 
OF GRASSHOPPERS' 


By J. R. Christie * 

Nemalologist^ Division of Nematologyy Bureau of Plant Industry, United States 
Department of Agriculture 

INTRODUCTION 

In a piTwious paper the autlior pointed out that in the United States 
the most common nematode parasites of grasshoppers are Agamermis 
decaudata Cobb, Steiner, and (Christie, 1923, and Mermis subnigrescens 
(^obb, 1920,^ species belonging to the family Mermithidae. The life 
history aiul the economic significance of the former species were 
discussed. The present paper deals with M, mhnigrescem. 

Whereas Agamenriis decaudata is occasionally found in insects other 
than grasshoppers, Mermifi subridgreseens appears to be strictly a 
parasite of grasshoppers. It has been found naturally infesting nine 
different species of these insects, including both Tettigoniidae and 
Acrididao; two additional species have been experimentally infested. 
It has not been found in crickets, even though they were collected in 
fields where a large percentage of the grasshoppers harbored the 
parasite. Numerous attempts to experimentally infest other insects, 
including crickets and mole crickets (Gryllotalpinae), have not been 
successful. 

Mermifi subnigrescerts occurs throughout the New England States 
and westward to Minnesota, Iowa, and Missouri. Its range apparently 
does not extend as far south as that of Agamermis^ decaudata , for it is 
rarely found in the vicinity of Washington, D. ('. The present paper 
is l)ased on investigations conducted largely at Woods Hole, Mass., 
and statements regarding life history and behavior apply to (hat 
localitv. 

LIFE CYCLE 

The life cycle of Menu /.s tmhu Igrescens differs in one importa nt respect 
from that of Agamermis decaudata. Eggs of the latter species are 
deposited in the soil. Tjam hatching, the larvae migrate to the 
surfa(‘e, climb the vegetation, and seek newly liatched grasshopper 
nymphs, which they enter by boring through the body wall. Eggs of 
\t. subnlgrescens are never deposited in the soil. Gravid females 
migrate to the surface and climb the vegetation, on which they deposit 
their eggs. Grasshoppers, while feeding, swallow the eggs, which on 
reaching the alimentary tract promptly hatch. The larvae i)enetrate 
the wall of the alimentary tract and enter the body cavity, where they 
<levelop. 

' Uo(‘eive<! for imblication Fob. Ifi, 1937; issuofl Septeml>er 1937. 

^ Tho author wishe.s to neknowle(if?e the aid of W. 1). rourtney, who assisted w ith fieUl woik durinp tlie 
summer of 1929; of B, O. Chitwood, who tusslste<l during the summer of 1930; and of Oerald Thorne, whri 
assisted durmj? the summer of 1931. Figures 1, B, and 3 were taken from unpublished notes of the late 
N. A. ('Jobb. 

» ('HRISTIE, J. R. LTFfi HlHTOllY OF AGAMERMIS DKCAVDATA, A NEMATODE PVKASITE OF GRAS>tHOPPKRS 
AND OTHER INSECTS. Jour AgT, Hesenroh 62* 161-198, Ulus. 1936. 

< Curb, N. A. the species of mermi.s, a grovi* of very remarkable nbmas infesting insects. 
Jour. Parasitol 13 [66)-72, Ulus. 1926. 
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THE EGG 

The egg (figs. 1, ^4, and 2) is protected by two coverings, the outer of 
which is easily removed. With this outer covering removed, the egg 
(fig. 1, B) has the shape of a sphere slightly compressed at the poles. 



Figure 1.— -Ejjg of Mermts aubmgrescem: A, Showing outer and inner layers of shell, li, with outer layer 
of shell removed, showing larva within; C, m process of hatching; 1), wnth larva emerging. 


The diameter from pole to pole is 50ju to 54/u and at the equator 
53/u to 56ju, The inner covering or shell is about 2.5/u in thickness 
and brown in color. The outer covering is divided into two cuplikc 



Figure 2.—Eggs of Mervtis subnigrescem showing variations in the form of the byssus. (Drawn from 

photoin icrograph.s.) 


parts by a groove at tlie equator, and at each pole there is a raised or 
thickened area formed by the attachment of the entangling append- 
ages or byssi. The size and shape of these polar thickenings vary 
considerably, as does also the form of the byssus (fig. 2). There are 
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two opposite areas at the equator where the color is lighter than else¬ 
where, and these areas are partially dissolved by the digestive fluids 
of the host, permitting the escape of the larva. At the time of depo¬ 
sition the egg contains an infective larva that has molted at least 
once (fig. 1,5). 

The time of maximum egg deposition is usually during June and 
July, but, as will be discussed later, this is controlled by weather con¬ 
ditions. On foliage an egg remains viable throughout the summer, the 
larva presumably being protected from the sun^s rays by the brown 
pigment in the shell. Eggs kept in water in a corked bottle at room tem¬ 
perature remain viable for at least 2 months; 
when kept on slightly moistened filter paper in 
a moist chamber some remain viable for a year. 

MODE OP INFESTATION 

Grasshoppers become infested, while feed¬ 
ing, by swallowing eggs of the parasite, and 
therefore they are vulnerable throughout their 
entire life. As a nymph grows older and its 
food consumption incTcases, its chance of be¬ 
coming infested is correspondingly greater. 

Tlie fact that a nymph becomes infested while 
young does not prevent it from acquhing ad¬ 
ditional parasites later in life. Grasshoppers 
are frecjuently found that harbor a hundred or 
more parasites of widely diflerent ages. 

When an egg reaches the alimentary tract 
the out€'r covering bearing the byssi has usu¬ 
ally been rubbed off. The two opposite clear 
areas at the equator gnulually become clearer 
and begin to protrude until they appear as 
colorless, hemispherical projections (fig. 1, O, 

\Nhich finally rupture and provide an opening 
for the escape of the larva (fig, 1, D). So far 
as has been determined, the larva in no way 
assists in its liberation. When first freed it is 
rather sluggish, although it (puckly becomes 
active and soon penetrates the wall of the 
alimentary tract and enters the body cavity. 

This migration is <liscussed more fully in a 
later section. 

The recently hat(*hed larva (fig. 3) is about 
740/x long by 34^i wide. A stylet of peculiar 
form is present, which can l)est be understood 
by reference to figure 1, B. The esophageal region, which comprises 
nearly half the length of the body, contains eight large esophageal 
glands (stichocytes) closely resembling those of Agamermis decavdata. 
The body ends posteriorly in a rounded terminus. A node and a post- 
nodal region are lacking. 

PARASITIC LAVAL STAGE 

The parasitic development of the larva has not been carefullj^ 
studied, but it seems essentially the same as that of Agawernm 



FtouRE 3 —UecenUy hatched larva 
of Mninia svtmigrescfns 
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decaudata. There is the same rapid increase in size and the same type 
of trophosome development. 

Males usually remain in the host from 4 to 6 weeks and attain a 
length of from 20 to 60 mm. Females usually remain in the host 
from 8 to 10 weeks and attain a length of 50 to 100 mm. However, 
both the duration of the parasitic stage and the size of the fully grown 
larva are subject to great variation. In general the fewer parasites 
the insect harbors, the larger they become and the longer they remain 
in the host. Likewise there is a tendency for these parasites to grow 
larger and remain longer in a large grasshopper than in a small one. 

The emergence of Slermis subnigrescens results in the death of the 
host. A grasshopper may harbor parasites of widely different ages, 
and wdien the oldest ones emerge most of the others perish with the 
host. However those that are almost fully grown may also emerge 
and enter the soil. The same thing hapj)cns when a parasitized 
grasshopper dies from some other cause: the parasites that are nearly 
full grown may emerge, the others will die. Many of these ])rema- 
turely emerged individuals eventually die in the soil, but some 
undoubtedly survive. The parasites begin emerging at least by the 

first of July and con¬ 
tinue throughout the 
summer as long as grass¬ 
hoppers are alive. Tlie 
emergence of M, sub¬ 
nigrescens from its host 
is similar to that de¬ 
scribed for Againennis 
decaudata.^ 

The final moll occurs 
the following spring. 
Experimental speci¬ 
mens buried at Woods Hole during the autumn of 1927 had molted 
or wwe in the process of molting when e.xamined on April 12, 192S. 



KiGi RK 4. ('opulaf 1(111 in Mnmis subnigrtHcenH (Freehand sketch.) 


ADULT STAGE 

Mermis subnigrescens is found in the soil at various depths down to 
about 24 inches. The majority occur from 6 to IS inches below' tlu' 
surface. As a rule, individuals remain alone and one jarcly finds n 
female and one or more males coiled into a knot as is characteiistic 
of Agarnerinis decaudata. Copulation takes place at least occasionally 
and has been observed several times (fig. 4). By July females that 
emerged from tlieir hosts the preceding summer begin to exhibit 
a brownish color owing to accumulating eggs, and by September they 
appear nearly black except for a short region at each extremity of the 
body. At this time the eggs are viable. 

Oviposition takes place the following spring, beginning about the 
first of June and continuing until the first of August or possibly 
longer. In 1927 eggs were first found on the foliage May 27, but it 
was not until Juno 6 that they were numerous; in 1929 they were 
first found June 1, and by June 25 and thereafter they were numerous. 
Eggs are laid only during rains, and should there bo no rain in June 
they will not be deposited in any number until rain occurs. 


® CiiRisTiK, J. R. See p. 187 of citation ni ven in footnote 3. 
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Eggs are apparently not deposited during the night, a point that is 
discussed in a later section. At daybreak on a rainy morning in 
June or July ovipositing females are found moving about on the 
grass and other vegetation. If the rain continues, egg deposition 
goes on throughout the day, but if the rain ceases and the foliage 
becomes dry, the females coil up, fall to the surface of the ground, 
and enter the soil. Should the supply of eggs not be exhausted, a 
female presumably comes to the surface and resumes egg laying during 
a subsequent rain; however, the author was not able to demonstrate 
this experimentally. Before ovipositing, a gravid female 85 mm long 
contains approximately 14,000 eggs. 

Wlien laying eggs a female is entwined about a grass stem or other 
object (fig. 5), and the head eml is extended farther and farther from 



Kiwi kk - -Koinulos of Mrrnm nahmgttfcni.'i UopoMlniK ( From freehaml .'.kolches made in field > 


the supporting stem and is moved about with a more or less circular 
jiiotion. If another stem is nearby, the anterior end is entwined at 
a j)oint somewhat higher than the mermithid’s position on the first 
stem. Thus, in dense vegetation a female, as it moves horizontally, 
is likely to mount liigher and higher. However, if no object is nearby, 
more and more of the anterior end of the l)ody extends until it begins 
to sag, and another or even the same stem may be entwined at a point 
nearer the ground. 

How long a female lives after the uteri are emptied of eggs has not 
been determined. Since by this time the trophosome is nearly ex¬ 
hausted of reserve food materials, it seems unlikely that the female 
is able to survive another winter or to develop more eggs. However, 
if females are prevented from coming to the surface to deposit eggs, 
they will survive for several years. 

Some of the males and females that emerged from hosts during 
September 1930, and were buried in containers at Woods Hole on 
September 25, 1930, were alive and in apparently good condition 
when examined on May 15, 1933. The females were Idled with eggs, 
and there was no indication that any considerable number had been 
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deposited. Normally these individuals would have laid their eggs 
during June and July 1932, but being in containers they were unable 
to come to the surface. Sunlight is apparently the stimulus that 
causes egg laying. If an ovipositing female is placed in the dark, 
egg laying immediately stops; if ^ain it is brought into the light, 
egg laying is promptly resumed. This interesting behavior has been 
described by Cobb.® 

SECURING MATERIAL FOR STUDY 

A limited number of postparasitic specimens of Mermis subv igrescens 
can usually be secured by digging, but this is a slow and laborious 
procedure. During the course of these investigations considerable 
digging was done not primarily for the purpose of securing material 
but to determine the abundance and distribution of the parasites in 
the soil. When securing material is the object, the operation can be 
facilitated by the use of sieves. 

Adult females of Mennis subnigrescens can often be collected in 
large numbers while they are laying eggs. The collector should know 
the location of fields where these mermithids occur, and the fields 
must be visited during rainy days at the proper season of the year. 
On June 8, 1930, at Woods Hole, during a period of about 3 hours, 
the author collected 220 ovipositing females. 

Probably the most practical method of obtaining Mervris sub- 
nigrescens in large numbers is to collect infested grasshoppers and 
confine them in cages until the parasites emerge. For this purpose 
any typo of insect cage will serve if so constructed that 2 or 3 inches 
of soil can be placed in the bottom. In this soil the author usually 
planted wheat, which was allowed to grow a few inches high before 
the grasshoppers w^Te placed in the cage. ^\lien one has less access to 
a field wdiere there is a fairly high infestation a great many parasites 
can be secured in this manner. When giasshoppers are collected in 
fields and confined in cages a considerable number usually die. The 
death rate is highest during the first day or two and then gi’adually 
decreases. The result is many prematurely emerged parasites, 
which is the chief disadvantage of this method of securing material. 
It can be overcome to some extent by allowing the nematodes to 
remain in the soil of the cage for several weeks. During this time 
many of the prematurely emerged specimens die and are eliminated. 
When subsequently examined, additional abnormal specimens usually 
can be recognized and discarded. The soil in the cage must be kept 
moist at all times. 

The specimens of Mermis subnigrescens thus obtained can be buried 
in the soil, where they proceed with their development and where 
they can bo dug up and examined from time to time. One of the 
best containers for this purpose is an unglazed porcelain battery jar 
with the open end closed by 200-mesh, nickel alloy, wire cloth. 
Small jars for individual specimens can be obtained, or large ones 
that will accommodate 100 specimens or more. The soil used to fill 
the containers and in which the mermithids are placed should be 
composed in part of sand and should be passed through a sieve. 
When the container is subsequently dug up the mermithids may be 
secured by again passing the soil througli a sieve. If the soil is 

• CO&Ii, N. A. THE CHROMATROPISM OF MERMIS SOBNIORE8CENS, A NEMIC PARASITE OF GRASSHOPPERS. 
Jour. Wash Acad. Sci. 19- illu.s 1929. 
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1 )artly sand and has previously been sieved this can be done with 
ittle danger of injury to the specimens. 

For concentrating these parasites in a small area, outdoor enclosures 
wore constructed, 4 to 6 feet wide by 8 to 12 feet long, with the sides 
and top covered with ordinary window screening. Grasshojipers 
collected in fields of high infestation were placed in these enclosures, 
which were so situated that a naturally luxuriant vegetation served 
as food for the insects. The merrnithid population of the underlying 
soil was undoubtedly increased in tliis manner, but even here the 
securing of specimens by digging was slow and laborious. 

If an adequate source of infested grasshoppers is not available, 
uninfestod grasshoppers may bo collected and artificially infested. 
Such a method could bo employed should an attempt over be made 
to colonize the parasite in regions where it does not exist. The 
following i)rocedure has proved fairly satisfactory. Leaves of the 
buckhorn plantain (Plantago lanceolata L.) vrere secured, and on 
thejii eggs of the parasite were sprayed by means of a small atomizer. 
The stems of the plantain leaves were then inserted into a small¬ 
mouthed vessel containing water, in the same manner as flowers are 
placed in a. vase, and transferred to an insect cage. Any convenient 
cage can be used, the size depending on the number of grasshoppers 
to be handled. 

The chief difficulty with this and other methods employed for 
artificially infesting grasshoi)])ers is to prevent too many eggs from 
being swallowed. So jnany mermithids per host are accjuired that 
most of the parasites develo]) into males." Grasshoppers infested by 
this method must be held in confinement and fed throughout the 
entire developmental i)eriod of their parasites, while in those already 
infested when collected many of the parasites may be almost ready 
to emerge. 

TIME OF EGG DEPOSITION 

Rain stimulates females of Mermis subnigrescens to ascend vegeta¬ 
tion and deposit eggs, a fact which was clearly demonstrated at 
Woods Hole ill 1929. The sjiring and early summer were exception¬ 
ally dry, and very little rain fell between June 1 and July 19. On a 
])lot of land where M, subnigrescens was known to bo abundant, 
only a few eggs had been found on the foliage. On July 17, a lawn 
sprinkler was operated from 4:30 p. m. until 8 p. m. During tliis 
jicriod of WA hours an average of about 2 inches of water was applied 
over an area ajiproximately 14 feet in diameter. Early the following 
morning 12 mermithids were seen depositing eggs on the vegetation in 
this area, and undoubtedl}^ there were others that were overlooked. 
None wore found outside the sjmnkled area. On the following day 
the sprinkler was niovod to a new position, and the operation was 
repeated with similar results. In both sprinkled areas a subsequent 
examination of the foliage showed that eggs were present in abun¬ 
dance. 

It has already been mentioned that light is apparently the stimulus 
that causes egg laying, a fact which indicates that oviposition cannot 
take place at night. On July 19, 1929, four ovipositing females were 
kept under constant observation from 7:30 p. m. until 9:45 p. m. 

^ Christie, .t. R. some observations on sex in the mkrmithidae. Jour. E.\pt. Zool. 53* 59-70 
Ulus. 1929. 
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During this time rain fell intennittently. When it became so dark as 
to make observation impossible a pocket flashlight was used occa¬ 
sionally. By 8:50 it was nearly dark, and by 9:20 it seemed totally 
dark. Throughout early twilight all four females continued their 
characteristic movements, but as darkness increased they became 
gradually less active. At 9:40, about 30 or 40 minutes after the last 
vestige of daylight had apparently disappeared, tw^o of the females 
were still on the vegetation but had" ceased moving about. The other 
two had fallen to the surface of the ground, where they remained partly 
coiled up and comparatively inactive. Not one api^eared to make any 
attempt to enter the soil. 

At intervals one of the females was removed from the vegetation 
and placed on a wret leaf, where it 'was allow^ed to remain for half a 
minute or a minute (table 1). The leaves were later examined and 
the eggs counted. The results appear to indicate further that eggs 
are not laid at night. 


Table 1 .—Effect of on rate of egg depoR'ition hi/ Mernn.s suhnigrescejus 




1 

Ekps 

Tune of day (p. m ) female was placed on loaf 

Peruul left on leaf 

1 laj'ht conditions 

found 
on leaf 


' 


Xurnlur 

7 4,5.-- 

minute. 

Early tw iliKht 

21 

H2() ... . . 

minute 

; Late twilittht 

IS 

■S 60.. 

minute 

Almost dark 

41 

0 20_ 

1 minute 

Dark .. 

41 

40 

1 1 minute 

1 ..do 

0 


DISSEMINATION OF THE EGGS 

Eggs of Mermis suhnigrescens w ere found on any object over w Inch 
the ovipositing female had passed, whether living foliage or dead 
branches. There was no evidence that females selected any particular 
kind of foliage on which to oviposit. Eggs were found on either side 
of a leaf, sometimes in masses of 25 or more and at other times widely 
scattered. They were largely confined to herba(*eous vegetation to a 
height of about 2 feet. On a few’ occasions they were found on the 
leaves of shrubs about 3 feet from tlie ground. The author saw no 
indication of dissemination by wind. 

To facilitate the examination of a large amount of vegetation for 
the presence of eggs, the following method was employed: A piece of 
corrugated glass about 3 inches wide by <S inches long, wdth the corru¬ 
gations running lengthwise, was hold on an imi>rovised stand, in an 
oblique position, high enough from the table to allow' a beaker to l>e 
placed under the lower end. A second beaker, containing 20 to 30 
cc of water, was at hand. A leaf from the sample of foliage being 
examined was held on the corrugated glass with the left hand. A 
camers-hair l)rush, with the bristles cut off to about one-third their 
original length, was repeatedly dipped into tlu' water and passed 
several times over both surfaces of the leaf. Thus the eggs were 
dislodged and carried by the water dowm tlie corrugations of the glass 
into the beaker below . Wlien the sample of vegetation was finislied 
the remaining water was poured over the corrugated glass to w'ash 
any adhering eggs into the beaker. The water was then examined 
for eggs, usually after having been reduced in bulk by centrifuging. 
This method served well to demonstrate the presence or absence of 
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eggs, an(l when oggs wore present it indicated with fair accuracy 
their relative abiindonco. 

During the summer of 1929 an intensive study was made of egg 
dissemination in the vicinity of Woods Hole and in some of the ad¬ 
joining localities of southeastern Massachusetts. The data secured 
are not given in detail. Suffice it to say that in fields wliere the para¬ 
site was present eggs were 
very widely disseminated. 

Samples of vegetation taken 
from the roadside, from hack 
yards, and from other ap- 
])arently unpromising loca¬ 
tions wore found very fre- 
(luontly to carry a few eggs. 

To determine the vertical 
(listrihulion of eggs a sample 
of grass consisting of all that 
g!(»w on 1 square foot was 
(‘ollccted during fluly 1929. 

Each stalk was c-ut close to 
the ground, the butts were 
l)Iaced evenly together, and 
the whole was cut into 2-inch 
lengths. Each 2-inch length 
wastreated asa separatesam- 
l)le; every piece of grass in it, 
whether loaf or stem, was 
washed, and the wasliings 
w ereexaminod for eggs. The 
results are show n m figure G. 

On duly 12, 1929, collec¬ 
tions of grass and plantain 
leaves we*ro made in 11 fields 
between Pawtucket, K. 1., 
and Franklin, Mass. Eggs 
w ere found in all except two 
collections. That one could 
go into a region where data 
were not available regard¬ 
ing the distribution of this 
nematoile, take 11 samples 
of vegetation at random 
from wudely separated fields, 
and find epgson every sample 
except 2 is further evidence 
that the parasite is widely 
<listributed. 

MIGRATION OF LARVAEiFROM INTESTINE TO BODY CAVITY OF 

HOST 

The hatching of Alermis subnigrescens eggs in the iiitestiuo of grass¬ 
hoppers and the passage of the larvae through the hitestinal wall into 
the body cavity w ere observed on several occasions. In making these 



FitiVRK fi —Vertical tiiMnbutioii of eggs of Met min subnigrts^ 
cenn on grass. The imnihor of pieces of vegetation in each 
sample, the number of egjis foiiml. an<l the height of each 
.sainiile from the gnaiiid oie imlicateti. 
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observations the following procedure was followed: Kecently hatched 
nymphs of Melanojdus femur-rubrum (DeGeer) were placed in a cage 
and kept without food for 24 hours. A mash was prepared by Jiiixing 
cracker crumbs, cane sugar, and orange juice. About 100 viable eggs 
were mixed with a bit of this mash to form a pellet a millimeter or so 
in diameter. This pellet and a grasshopper nymph wore placed in a 
short glass tube corked at both ends. The nymph, when brought 
close to the pellet by patiently manii)idating the tube, would usually 
eat. After a period of time varying from 30 minutes to 2 hours the 
nymph was killed, and its alimentary tract was removed and mounted 
on a slide under a cover glass in a drop of body-cavity fluid. A 
supply of adult grasshoppers was kept available to provide body- 
cavity fluid for this puri)oso. The preparation wti»s then placed on 
the stage of a microsco])e for observation. 

The first indication of hatching usually occun*ed after 1 to hours, 
when the eggs began to show the characteristic clear, hemispherical 
projections. Very soon after this the mermithid larvae wore free in 
the intestine. At the end of 10 ho\irs eggshells usually ap])eared in 
the feces. Most eggs hatched somewhere between the posterior end 
of the crop and the region where the Malpighian tubes are attached. 

Wlien first free from the shell the larva was comparatively inactive 
but soon began to move about. Sometimes 20 to 30 minutes elapsed 
before it passed into the body cavity. While penetrating the tissues 
pf the intestinal wall the strict was distinctly soon being rliythmically 
protruded. Most frequently larvae penetrated the intestine at the 
region immediately posterior to the caeca. On one occasion a larva 
entered a caecum and passed through its wall into the body cavity 

EFFECT OF THE PARASITE ON THE HOST 

The effect of Agamermis decaudata on tlie development of its host 
has been discussed in a previous paper.^ In general the facts stated 
therein also apply to Mennis subnigrescens. The gonads of fejiiale 
grasshoppers are markedly inhibited in their deve]o])mcnt, and in¬ 
fested individuals are usually sterile. The effect on the develoi)ment 
of the male gonads is loss pronounced. In both sexes growth is 
materially retarded, infested individuals remaining in the iiymphal 
stage longer than uninfested ones. A gi’asshopper is always killed 
when a parasite emerges. There is a tendency for the host to bo 
older when it becomes infested than in the case of A. decaudataj and 
also for a host to harbor a greater number of parasites. 

As already noted, Merrnis subnigrescens apparently infests only 
grasshoppers. The following species were found naturally infested 
or were experimentally infested in the laboratory: 

Species: htUstaUon 

Arphia sulphurea {¥i3bhTic.mH) _ . _ __ Experimental. 

Camnula pellucida (Scudder)_ _ Natural and experimental. 

Chorihippm longicornis {JiQXrvtiWQ) _ .. Do. 

Chortophaga viridifasciata ^. _ , Natural. 

Conocephalus hrevipennis (Scudder) _ _ __ Do. 

Encoptolophus sordidus (Burmeister)__ _. _ Do. 

Melanoplus hivittatus (Say)_ _ _ Do. 

M, femur-ruhrum (DeGeev). . ^ . .. __ _ Natural and experimental. 

M. mexicanus (Saussure)__ _ _ . Natural. 

Orphulella pelidna (Burmeister) _. . _. __ Do. 

Romalea microptera (Be&uwom) _ _ Experimental. 


« CiiHmm., J. R. See pp. X86-18<i of citation given in footnote 3 
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DISTRIBUTION IN NEW ENGLAND 

Between August 18 and 21, 1930, Gerald Thorne and the author 
collected and examined grasshoppers along the Merrimack River 
Valley between Manchester, N. H., and Woodstock, N. H., along the 
Connecticut River Valley between Middletown, Conn., and Woods- 
ville, N. H., and from several localities in the interlying country. 
Collections were made in 83 places, and the number of grasshoppers 
examined in each collection varied from 10 to 100, depending on their 
abundance. The results may be summarized as follows: 

Qrasshoppen 

tn/euted 

ColIcotionH of grasshoppers: {percent) 

10 _ __ _ _ _ - None. 

30- . . _ - _ - _ 1 to 9. 

19 - - - - -- _ 10 to 19. 

11 - - - . ... - - 20 to 29. 

7. _ --- _ -- . 30 to 39. 

3. -- ... - -- 40 to 49. 

2 _ _ - - . - - -. - - 50 to 59. 

1 _ - . - - - - - _ - - - 80. 

A total of 2,5()() grasshoppers exaniiiied showed an average infcs- 
tatioji of 12 percent. The grasshoppers were not identified, and the 
collections were made np of various species, with Melanophis jemur- 
ruhnnn usually predominatuig. The mermitliids from Oh of the 
collections were identified by Thorne, to whom the author is indebted 
for this information. In 42 collections the j)arasites were exclusively 
Mprmis siihnigrescens; in 17 collections both M. siibnlgrescenf^ and 
Agatnermi'i (hcaudata were ])resenl; in 0 collections the jiarasites were 
all A. (lecaudafa: and in one collection AI. subiiigre-^cetiK, .4. decaudatay 
and a. s])ecies of Ilexamermis were present. 

About the same conditions exist in Barnstable, Bristol, and Plym¬ 
outh C^ounties, Mass., where the author has made many collections 
of grasshoppers. Aterm is subn Igresceus is the most common mermithid 
})ara,site of grasshoppers in New England, and in this region it is very 
widespread. There arc few fields where its presence (*annot be 
(lemons tra ted. 

ECONOMIC SIGNIFICANCE 

There is little doubt that both Afermls siibitigrescens und Agamermls 
decaudata are important factors in grasshopper control throughout 
the regions where these parasites occur. Of the two, Al. svbiiigrescens 
is perluips the more important. It aiipears to be able to withstand a 
greater variety of soil ami climatic conditions and to maintain itself 
in larger numbers where the grasshopper population is consistently 
low. It does not extend as far south as does ^1. decaudata. Insuffi¬ 
cient rainfall has undoubtedly prevented the spread of both species 
into semiarid regions. Throughout much of the area in the luiited 
States where they are not found their introduction is evidently out of 
the (fuestion. Nevertheless there may be isolated regions where they 
do not exist but where cUmatic conditions are such that they could be 
established. Of the two speiues, AI. subvigrescens is probably the best 
suited for colonizing. Its eggs are easily secured in large numbers, 
remain viable for months, and can be shipped any distance. The 
artificial infestation of indigenous grasshoppers should be a compara¬ 
tively simple matter. 
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SUMMARY 

Mermis subnigrescens Cobb, a common parasite of grasshoppers, 
occurs throughout the northeastern part of the United States and 
westward as far as Minnesota, Iowa, and Missouri. The present paper 
is based on studies made at Woods Hole, Mass. 

The adults of this parasite occur in the soil. On i*ainy days during 
dune and July gravid females come to the surface of the ground, ascend 
low herbaceous vegetation, and deposit their eggs. The eggs adhere to 
foliage by means of the entangling appendages or hyssi. Grassho])- 
pers, while feeding, swallow the eggs, which hatch in the alimentary 
tract. The larvae immediately migrate through the wall of the ali¬ 
mentary tract into the body cavity. They remain in the host from 
4 to 10 weeks to complete their growth; then they emoi'ge by forcing 
their way through the body w'all and enter the soil. They molt the 
next spring, pass the ensuing summer and winter in the soil, ami the 
females deposit their eggs during the following summer. 



THE PRODUCTION OF CITRUS MOTTLE-LEAF IN CON¬ 
TROLLED NUTRIENT CULTURES' 

By H. D. Chapman and A. P. Vanselow, assistant chemists^ and George F. 

Liebig, Jr., associate in the experiment station, California Agricultural Experi¬ 
ment Station 

INTRODUCTION 

Altliough it is now definitely established tiiat mottle-leaf of citrus 
can be controlled by the use of zinc sprays (5, 7),^ little is known about 
the true nature of tliis disease, the physiological function of zinc, and 
kindred questions. One approach to the solution of these problems 
lies in determining the nutrient and environmental conditions under 
which this disturbance can be developed artificially. Except for some 
indications recently reported by Haas { 3 ) previous attempts to pro¬ 
duce mottle-leaf of citrus under the known conditions of solution or 
sand culture have been unsuccessful. Hoagland, Chandler, and 
Hibbard (4) have produced little leaf of apricot trees and zinc-defi- 
ci(*ncv symtorns in other plants by the omission of the zinc from 
culture solution, when special efforts were made to minimize zinc 
contamination. However, trials with citrus gave negative results 
under similar conditions.''^ This, they thought, might in part be due 
to the low light intensities prevailing at Berkeley, C^dif. 

Accordingly, a series of experiments with citrus were set up at 
Riverside, ('alif., in March 1936. The positive results of these trials, 
together with several interesting observations, appear to justify a 
progress report at this time. 

DESCRIPTION OF EXPERIMENTS 

Tlie teclinicjue of these experiments is given in some detail for the 
benellt of those engaged in similar or related studies. 

Leafy twig cuttings from healthy, vigorous, Valencia orange trees 
were rooted in coarse-grained sand and then transferred to pyrex- 
glass battery jars containing nutrient solutions of the desired compo¬ 
sition. The cuttings were held in place by specially painted wooden 
plugs inserted in appropriately spaced holes in Bakelite covei*s. The 
sugar pine plugs were first painted with a high-grade asphaltum 
varnish and then with two coats of a synthetic Bakelite-type vaniish. 
Previous work has shown that both Bakelite and the varnishes used 
are highly resistant to the deteriorating action of weak salt solutions 
and at the same time yield no toxic products to the culture solution. 
Although the ash of these materials contained traces of zinc and 
various other inorganic constituents (table 1), the resinous matrix of 

I Kecci\e<l for publicatiou Feb. 23, 1937; issued September 1937. Paper no. 366. Universjlj of Califonna 
('itrus Exiwiment Station and Oraduate School of Tropical ARricuIture, Riverside, Calif. 

^ Reference is made by number (italic) to Literature Cited, p. 378. 

^ Unpublished obFervivlions coniinunicnted to the authors by ]> R. Hoagland. 
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Table 1 .—Impurities in major chemicals (c. p. grade) and accessory materials 


Matei lal 


Manufacturer 
or agent 


Lot no 


Impurities as determined spectrographically 


Zinc con¬ 
tent 


Dedulte traces 


J ust detectable 


KsS04- - 

KNO 3 — 
Ca(NO .,)21 H/) 

CaS04.2Hi() 
KiPO^. 

MgS04.7H20. 

Mg(N0j)2.«H:0 

FeS04„ 

KOH... 

KHSO 4 . - 

NaOH... 

Bakellte 

Asphalt puint 
(Gila coat) 
Phenolic teMii 
^ arnish 


General rhcini- 
cal Co. 

J. T, Baker . 
Merck... 

.do— 

J T. Baker 

Merck.. 

J. T. Bakei 
....do... . 

..do_ . 

.. .do... 

MallinokTodi 
Bakelite Co!i»o- 
ration. 

Fullei A C’o_ 

I Du Poll! 


5 i 

41834 ! 
30553 1 
31701 

1102:5 ' 

3143.3 j 
410:m ; 
72120 
121521 , 

51 , 5:30 i 

117712(5 I, 


P. p. m 1 ' 

3 .5 *.. 

1 0 ^ Bi-. 

1 0 i Ag, Ca, Fe, Ph, Sn. . 

1 0 : Cu, Pb. .. _ 

3 5 As Bi. Ca. ('ll, Mg, 
I Pb, Sb, Pi, Pn. 

2 0 i Ag, Cu, Mg. 

h 0 Cu, Mg, Ph, Sn _ 

20 0 ! Cu, Bi, Mg, Pb, Si, Sii. 
I Ca, Nu.. 

! Al, Ca. .- 

I Al, Ca, Cu, Mg, Zn. 


I Ca, Pb, Ag. Zn 


Bi, Ca, Cu, Mg, Pb, 
Sn, Si. 

Cti, ('ll, Pb, Sn, Si 
Bi. B. Cu, Mg, Si 
Ba, Bi, Mg, Ni, Si. Sn. 
Ag, Hg. 

Bi, Pb, Sn. 

Bi, Si. 

Ti. 

Sr. 


Fc, K, Mg. Si 


Jd), Ca, (’o, Cu. Me. I \J, J>, Nj, Si 
Mn i 


the paint prevents appreciable solution of these elements. Befon^ 
being used the battery jars, Bakelite covers, and painted plugs w ere 
digested wdth 20-percent hydrochloric acid. In order to avoid 
contamination of the nutrient solution wdth dust from the air, the 
covers were held tightly to the ground edge of the battery jars by springs 
attached to a metal harness surrounding the jars. Tlic battery jars 
were coated on the outside with an asphaltum, follow ed by an alumi¬ 
num varnish. During the summer it became necessary to reduce the 
solution temperatures wdthin the jars by insulation wdth sphagnum 
moss. A portion of the general set-up is show n in figure 1. 

All water used in the experiment was redistilled in an all-pyrex-glass 
still designed for continuous operation. 

Zinc was quantitatively determined in all of the major chemicals 
used by the method of Vanselow' and Laurance { 11 ). With the 
exception of the iron sulphate, they were found to contain so little 
zinc that purification was not attempted (table 1). 

Because of the precautions taken to prevent contamination and the 
fact that plant stimulation has often been produced by many other 
minor elements, 54 trace elements were added as a basic treatment to 
most of the cultures. A moderately concentrated stock solution of 
each was made up separately, and from these, secondary mixtures of 
compatible combinations. 

The kinds and amounts of these minor elements added to the final 
culture solution, the source from w^hich derived, and the results of a 
qualitative spectrographic determination ^ of the impurities contained 
by these chemicals are given in table 2. 

The impurities carried bv the major salts and several accessory 
compouiids are shown in table 1. All acids used in the experiments 
were redistilled in a pyrcx-glass still. 


* These determinations wore made by means of a concave grating spectrograph (ti), samples of the dry 
materia} being arced on graphite rods. 
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The field observation that both nutrient and light conditions ap¬ 
parently modify the zinc requirement of citrus suggested that the cul¬ 
tures with and without zinc be duplicated under such conditions as to 
render both of the above factors variable. The treatments as finally 
set up are given in table 3. The cultures designated us ‘‘low light^' 


Table 3.— Xature of treatments under different light intensities 


Nfritnre of culture solution 


Lmht jiitensitj 


Mjijoi elenieiUs Minor clouiciits 


Culture no 


Low (about ♦lO percerr 
loss than out of <ioois 1) |ni«>h NOi 


Low N()( 


V11,2ik)/. inc- . 

Vll, plus zinc (0 05 p p. in ^ 

(All, no zinc_ 

I All, nliiszinc (0 05 p. p in.) 

( \1I, no zinc. - _ _ 

lAll, iJlusz,inc(0(l5p p ni ) 


UiRh (about 20 percent 
less than out of dooi.s) 


Ililih NOa- 


Ilijrh NO^ (puriOe*! by 
Steinberg method) 


L\ll, no zinc__ - -- 

--.do--_. . 

Vll, idubzinc (0 G6p p m ). 

None except Mn, H, Na, Cl, no 
zinc 

noublc strength, all. iu» zinc.. - 
\11, noziric. - - 


I and 2 
5 and G. 

0 and 10 
13 and 14 
3 uiul 4 

7 anti H 

II and 12 
21 and 22 
15 and IG 
17 and IS 

HI and 20 
23 and 24 


' Measured with Weston photographic exposure meter. 

* Designates 54 trace element combination given in table 2. 


were placed under a small lath shelter within the greenhouse, where 
the light intensity was reduced to about one-half that prevailing in 
other parts of the greenhouse. To secure information on the combined 
effects of the trace elements, cultures with no minor elements present 
except iron, manganese, boron, sodium, and cldorine, and with double 
the amounts of all but iron were included. Also, two cultures were 
purified according to the Steinberg {10) method by boiling with an 
excess of calcium carbonate. (Only the major salts were present at 
the time of purification, the trace elements being added to the purified 
solution.) 

The composition of the culture solution as regards the major ele¬ 
ments is shown in table 4. Iron sulphate, from which the zinc had 

Table A.--Major ro',npo7ienis of loii- and high-nitrate cidture salat<ons 




Quan- 

Quantity of indicated elemeiiis or radicals per litei 

Type of .solution 

Salt used 

tity 



— 

— 


— 



liter 

Ca 

Mg 

K 

NOi 

S()4 

POi 




Milli- 

MiUi- 

Milli- 

Milli- 

Milli- 

Milli- 




gram- 

gram- 

gram- 

gram- 

gram- 

gram- 



Grams 

atoms 

atoms 

atoms 

atoms 

atoms 

atoms 


/K 3 PO 4 . 

0 0212 



0 30 


. 

0 10 


Ca(N 002 . 4 H'>() 

. 2395 

^ \ 00 



2 0 1 




CaS04.2H20 _ 

.1331 





0 77 


Ivow nitrate. 

.\IgSO 4 . 7 H 2 O_ .. 

.1750 

77 

0 7i 



71 



K 2 SO 4 . 

1768 

- - - 


2 03 


1 01 



Total_ 

. 

1.77 

.71 

2 33 

2 0 

2. 49 

. 10 


/X 3 PO 4 .. - 

.0212 



. 30 



10 


Ca(N03)2 4H2O _ 

1.4848 

6 W 



'” 12 . 5,5 




KNOa.. 

.4974 



4.92 

4 92 



High nitrate. 

Mg(N03)2 61120 

.3244 


i 2fi 


2 53 




MgS04 7 H 2 O_ 

.6162 

— 

2 .50 


” 2 60‘ 

- 


Total. 


6 27 

3 76 

,5. 22 

20.00 

2. 50 

.10 




















Sept 1 ,1937 Production of Citrus Mottle-Leaf in Nutrient Cultures 371 


been removed by precipitation with liydrogen sulphide, according to 
tlie Vanselow and Ijaurance {11) method, was added daily at the rate 
of 0.2 mg iron per liter. 

Previous experiments by Haas {2) with Valencia orange cuttings 
have indicated that an intermittent rather than a continuous supply of 
phosphate is conducive to better growth. 

Accordingly, throughout the early stages of tliis experiment, phos¬ 
phate was alternately added and withheld biweekly. The cultures 
wore aerated continuously, the compressed air being introduced 
through sintered glass disks fused into the ends of pyrex-glass tubes. 

By the addition either of nitric acid or potassium hydroxide, the pH 
of the solutions was kept between 0.5 and 7.0. 

The culture solutions were at first renewed every month, and later 
every 3 weeks. Water lost by transpiration and evaporation was 
replaced daily by the addition of redistilled water. After the experi¬ 
ment had progressed for some time, quantitative determinations of zinc 
were made in both the fresh and the used solutions. The results of 
these determinations are as follows: 

Zinc per liter, 
mtligrams 

Fresli solution ..0. 007 

Tsod solution (I luontb old). .. .. .003 


RESULTS 

The cuttings were transplanted from the propagating bed into the 
(‘ulture solutions onMarch 18, 1936, after the roots had been thor- 
ouglily rinsed in distilled water. In less than 12 days new roots began 
to develop and shortly thereafter new shoots appeared. By April 28 
the leaves and shoots of the first growth cycle had attained full size, 
though the leaves were as yet somewhat tender and immature. None 
of the new leaves showed signs of mottle-leaf at this stage. The low- 
light plants appeared somewhat more healthy than the high-light 
plants and those grown in high nitrate were more vigorous than those 
grown in low nitrate. 

By June 17 a second cycle of growth had emerged, the leaves and 
shoots having reached about the same stage of maturity as that of the 
lirst cycle on April 28. In contrast to the appearance of first growth 
cycle at this stage, the leaves of the plants in the cultures without 
zinc wen' more yellowdsh, some of them suggesting nitrogen deficiency; 
others showed some venation as in iron deficiency. Characteristic, 
though faint, mottle-leaf markings had developed in many of the now' 
mature first-cycle leaves of the plants growing in minus-zinc, high¬ 
light cultures. There w'as no mottle, how^ever, in any of the plants 
of the low'-light series nor w'cre any of the plants of cultures ro(*eiving 
zinc affected. By the middle of July the second growth cycle was 
virtually mature, and the leaves, which on June 17 had appeared 
yellowish, had become strikingly mottled. The plants of cultures 9 
and 10 (low-light, high-nitrate, no-zinc) w^ere only slightly mottled as 
compared with the more severe condition of corresponding cultures 
subjected to the full light of the greenhouse. 

After the first 2 months of this experiment the roots of some of the 
plants in various cultures began to rot. This type of rot (gelatiniza- 
tion) alw'ays began on the very youngest roots, gradually spreading to 
older roots. At no time during this experiment w'as it possible to 
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correlate positively the incidence of this root rot with zinc, nitrate, 
light, or trace-element variables; on the other hand, it became in¬ 
creasingly evident as the experiment progressed that there was some 
relation between the phosphate status of tlie nutrient medium and the 
root rot. Wlien phosphate was present the rotting usually be(*ame 
intensified, whereas when phosphate was omitted it tended to remain 
unchanged. In an effort to control the root rotting it was decided 
in June to decrease the concentration of phosphate to one-half of that 
employed at the outset. 

Toward the latter end of July a third growth cycle began to oinergo 
on all those plants whose roots were still in a healthy condition. In 
contrast to the early chlorotic^ appearance of the second growth cycle, 
this new cycle was green and vigorous. Moreover, the mottled 
leaves of affected plants began to turn green. A p)ossible phosidiate- 
zinc relation being suspected, phosphate was restored to its origimd 
level and kept present continuously until the termination of the ex- 
j^eriment on September 15. As a result of this latter change, the 
leaves of the new third cy(‘le soon began to acquire a yellowish cast, 
the venation of some of them becoming marked. By the middle of 
September the third cy(*le growth was virtually mature, the leaves of 
the plants in the minus-zinc cultures liaving beenme typically mottled. 

Inasmuch as the roots of all save those in one of the plus-zinc, 
high-light cultures began to rot at the time the second change in plios- 
pdiatc technique was inaugurated, it was decided to make frecjuent 
small additions of zinc to one culture (no. 24). In contrast to the 
behavior of all the jilants grown in the solutions lacking zinc, the third 
growth cycle of the plants in this culture remained healthy, the leaves 
attaining full size and becoming fully green. Moreover, the leaves of 
the second cycle, which on July 15 were badly mottled, became fullv 
green. Representative leaves from the first, second, and third growth 
cycles of a plant from culture no, 24 are shown in tigure 2. The first 
growth-cycle leaves ((T) were at no time more than faintly mottled. 
The second-cycle leaves, By formerly severely mottled, became com¬ 
pletely green though there was no increase in leaf size.® The leaves ^1 
from the third cycle of growth were fully green and normal sized. 

Owing to the increasing incidence of root rot in c\iltures hitherto 
healthy (occasioned, no doubt, by the continued presence of phosphate) 
the experiment was terminated on September 15. 

An idea as to the growth made by healthy cuttings during the 5 
months of this experiment may be had by reference to figure^ 1, B, 
Pictures of a few leaves from minus-zinc cultures showing some of the 
variations on leaf markings and sizes are presented in figure ‘k The 
top row (A) shows mildly affected leaves taken from plants grown 
under low light conditions. The leaves in figure 3, 7?, show the more 
pronounced mottling developed under high light. That these leaves 
represent typical mottle-leaf may be seen by comparison with those 
shown in figures 4 and 5.® 

The production of mottle-leaf under controlled conditions has made 
it possible to observe in detail the various stages in the development 

« The izreening of mottled leaves followlnf? zme addition to the culture medium 'accords with the observa¬ 
tion of Parker (H) and Reed and Parker (.9) on the effects of zinc sulphate sprays 
® At the authors’ recpiest these latter were picked from orchard tree.s by E R Parker. A t the t inie they 
were selected, the correspondinRfollaKe of adjacent zinc-sulphale-treated trees was virtually free from leaves 
wll h nifirkmps siU'h as those depicted in ftps 4 and 5. 
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of what is commonly regarded as the typical mottle-leaf pattern. 
The immature stage of leaves destined to become mottled is often 
characterized by a pronounced venation, the general color of the leaf 
being yellowish (fig. 6, two top leaves). As the leaf matures, the 
green areas adjacent to the veins spread and dee])en in color and the 



rnJi.'UE 2.~L«!B\es from of culture no 24- Third-cycle leaves vrhich emerged preen and heultlu 
following Kinc additions, B, second-cycle leaves formerly severely mottled, but caused to turn preen 
following the addition of zinc, C", first-cycle leaves. 

yollow-green areas between the veins become more pronouncedly 
yellow, thus giving rise to strikingly ‘‘mottled^^ patterns, often quite 
variable but with an clement of similarity throughout. Small green 
spots are often seen in the yellowed areas. In more severe stages, 
the immature leaves are often uniformly yellow, the lower portion 
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Figure 4.*-Leaves from mottle>Ieaf-aflected trees, showing some of the variations in size and markings. 
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of the voinal system being the only green part of the mature leaf. 
In mild eases the new growth may emerge entirely green, and only ns 
the leaf matures will small yellow-green blotches appear. 

During the course of leaf development, variations in degree of 
mottling may be induced by nutritional changes. Thus the con¬ 
tinuous presence of phosphate under the conditions of this experiment 




i'lOL'ut o --Leaves from mottle-leaf-atfected trees showing .some of the \ariations in size ami mu»kint:,s 

eaused immature but full-sized green leaves to mottle as they matured. 
On the other hand the frequent addition of small amounts of zinc 
caused mottled leaves to become green. However, at no time during 
the course of these experiments did any of the fully mature green leaves 
of the original cuttings become mottled, despite the development of 
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pronounced mottle-leaf in subsequent new growth. Cases of a similar 
nature on mature trees growing in orchards are often seen. This 
suggests that the /inc of mnture leaves is rather immobile, as in the 
case of iron. 



Figukk 0 —Progressive stages in the development of typical mottle-leaf 'J'wo top lea\ es show immature 
stage, the others progressive .stages as the leaf matures 


It is of interest to note the effects of the trace elements. Where 
used in double strength, as indicated in table 3 (cultures nos. 19 and 
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20), top and root growth was definitely depressed though the leaves 
showed no localized evidence of injury. The roots were somewhat 
brownish and stubby. The plants of those cultures receiving zinc 
in addition to the 54 trace elements were healthy in appearance and 
showed no evidence of injury. It is unfortunate that, for purposes ol 
comparison, cultures with zinc but minus the trace elements were not 
included in this experiment. 

Despite the high boron content of pyrex glass plus the addition of 
0.5 p. p. m. of this element to the culture solution, definite, though not 
severe, symptoms of boron deficiency (I) appeared in some of the 
plants during the course of the experiment. 

CONCLUSIONS 

Under the conditions of this experiment it has been possible to 
produce mottle-leaf of citrus by omitting zinc from the culture 
solution. Conversely, the addition of zinc not only prevented the 
development of mottle-leaf, but small amounts of zinc supplied fre¬ 
quently to plants already aflected with mottle-leaf brought about 
recovery. Plants grown in the full light of the greenhouse (intensity 
about 80 percent of that out-of-doors) became severely mottled, 
whereas those subjected to a lower light intensity (about 40 percent 
of that out-of-doors) were but slightly affected. These results are in 
^accord with the field observation that, the leaves on the south side of 
citrus trees are usually more mottled than those on the north side. 

During the early stages of this experiment there w^cre definite^ 
evidences that the plants grown under conditions of high nitrate were 
more mottled than those grown with low nitrate, though in the latter 
there was no evidence of nitrogen starvation. However, the gradual 
decrease in the numbers of healthy cultures, owing to the incidence of 
root rot, has left tiiis question unsettled. 

Apparently the degree of mottling can be strongly influenced by 
the phosphate content of the nutrient medium. Increases in phosphate 
accentuate the mottling. Whether this eflect is due to deiu’eased zinc 
solubility in the culture solution, or to decu-eased availability within 
the plant, cannot be stated definitely. Olsen (6*) has shown that high 
phosphate will induce iron chlorosis in certain plants through reac¬ 
tions within the plants. Zinc*, may be similarly affected. 

Although mottle-leaf and root rotting were both accentuated by 
the c,ontinued presence of phosphate, there seems to be no necessary 
relation between these two conditions. On the one hand, mottle-leaf 
developed in plants that at no time were affected with root rot; on 
the other, root rot occurred unaccompanied by mottle-leaf. 

The results of this experiment are more in liarmony with the view' 
that zinc is an indispensable plant food element, mottle-leaf of citrus 
being a manifestation of this deficiency, than that this element func¬ 
tions as an antiseptic or corrective. 
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NUTRITIVE VALUE FOR DAIRY COWS OF ALFALFA HAY 
INJURED BY SULPHUR DIOXIDE ‘ 


By O. C. Cunningham, dairy hunhandmauj L. H. Addington, assistant dairy 

husbandman^ New Mexico Agricultural Experiment Station, and Lewis T. 

Elliot, chemist, New Mexico Feed and Fertilizer Control Office * 

INTRODUCTION 

Tn the vicinity of some industrial plants, the concentration of sulphur 
dioxide in the atmosphere becomes sufficiently high to injure the 
vegetation. Alfalfa (Medicago sativa L.) is one of the plants that is 
most susceptible to injury from this gas. 

The injury to plants is of two types, chlorotic and acute The 

chlorotic type, which appears several days after fumigation, is evi¬ 
denced by a rather rapid disappearance of chlorophyll from an other¬ 
wise apparently nomial leaf. The acute type sometimes results in 
markings of the alfalfa leaves within the hour, the leaves first stiffening 
and then becoming flaccid. The flaccid areas of the leaves bleach 
almost to an ivoiy color after exposure to a few hours of sunshine. 
The injury is first noted at the margin of the leaflet, and progresses 
between the veins toward the center. Leaves frequently drop from 
tlie plant when the greater part of the green tissue of the leaflets is 
destroyed. The injury with which this paper deals was mostly of the 
acute type, but there had been little, if any, dropping of the leaves at 
the time the alfalfa was cut. 

The question has been asked bv farmers and others living in areas 
where tlie alfalfa crop is sometimes affected by sulphui dioxide whether 
the injury to the leaflets reduces the feeding value of the alfalfa. 
If the feeding value is reduc(*d it is important to know whether the 
reduction is due to lessened palatability, to decreased digestibility, 
or to an actual diminution in the nutrient value of the plant. Tn the 
fall of 1930, alfalfa fumigated by sulphur dioxide became available 
and the op])ortunity was jiresented to study the problem by conducting 
a 00-day double-n'versal feeding trial. 

EXPERIMENTAL MATERIALS AND METHODS 

A field of fourth-cutting alfalfa which had been noticeably marked 
by sulphur dioxide on three occasions and subjected to relatively high 
loncentrations on numerous other occasions, was selected for the 
experiment. The alfalfa was grown between the approximate dates 
of August 3 and September 8, 1930, on a 20-acre field in the upper 
Rio Grande Valley, situated about 4 miles northwest of the plant of 
the El Paso Smelting Works at El Paso, Tex. 

» Kewived for publication Mar, 1936, issued September 1937. The writers were aided in this work 
by a Krant from the AmeritHUi Smelting A liefiniiiR Co. 

3 The authors acknowledire the assistant of the following persons during the course of the evperiment: 
I/. V. Olson, for the photograph shown as fig. 3 and data for the curves in fig. 2; Dr. M. I). Thomas, for 
sulphur analyses of the two hays; O. R. Quesenberry, for grading the hays; Dr. J. N. Abersold, for energy 
determinations on the feeds, refuse, and excreta; VV. H. Ball, for the data used in making fig. 1; and Fred 
Wolf, John (laume, and Maggie McKoand, for assistance in making the many calculations involved. 

* Reference is made by number (italic) to Literature Cited, p. 391. 
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Before the alfalfa to be used for the experiment was cut, the per¬ 
centage of the leaflets that were marked by the gas was determined. 
The calculations were made from the averages of actual counts of all 
the marked and all the normal leaflets within the area of a quadrat of 
4 square feet at definite intervals diagonally through the field, and 
from estimates based on these counts. The injury varied greatly in 
different parts of the field, as is shown in figure 1. Variation in the 


I PERCENT LEAFLETS 
INJURED (estimated) 


>(i)aO PERCENT LEAFLETS 
INJURED (ESTIMATED) 


\ percent leaflets 

\ INJURED (estimated) I' 

1 PERCENT LEAFLETS^® / 

INJURED_(EST[I^TEDX\ ___/ _ / 


50 PERCENT LEAFLET^® 
INJURED (ESTIMATED)/ \ 


21.5 PERCENT LEAFLETS 
INJURED (counted) 7 


rzs 16 PERCENT LEAFLETS 
INJURED (COUNTED) 

\ \ 


27 PERCENT LEAFLETs\_ (?) 
INJURED (COUNTED) 

25 PERCENT LEAFLETS 
INJURED (ESTIMATED) 


/52.5 PERCENT LEAFLETS 29.5 PERCENT LEAFLETS\JlD 
^NJURED (COUNTED) ^INJURED (COUNTED) ^ 


Fk.irk 1.—Alfalfa field, showing location of points at which injury was estimate<l and area (within 
dotted lines) from which the experimental hay was obtained. 


intensity of injury is not unusual even in limited areas, and is some¬ 
times very marked over larger areas. This is thought to be due to 
air currents which vary the concentration of the gas, to the density of 
vegetation which absorbs the gas, and to differences in soil moisture. 
The alfalfa used for the experiment was taken from the south portion 
of the field only (the area within the dotted lines in fig. 1), where 
more than 25 percent of the leaflets were acutely marked and the injury 
was most conspicuous. 

The smelter was in continuous operation while the experimental 
alfalfa was growing, and during a large part of the tinae the wind was 
from the soutlieast and carried sulphur dioxide to the field. Records 
from an automatic sulphur dioxide recorder (7) located about 0.7 
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niile nearer the smelter stack, are believed to show the approximate 
durations of exposure and concentrations of sulphur dioxide to which 
this field was subjected (%. 2). 

Owing to a bumed-out fuse, the records for August 21 and 22 are 
incomplete, but the field is known to have been noticeably marked 



NIGHT DAY NIGHT 


Figure 2 - Sulphur dioxide fumigations recorded 0.7 mile from the fumigated alfalfa field, between August 3 
and September 8,1930. Blank spaces indicate no sulphur dioxide, light linejs, traces; medium lines, light 
concentrations; heavy linos, concentrations strong enough to mark vegetation; and dotted lines indicate 
recorder not working. 

on those days. On August 27 the heaviest fumigation occurred. 
This was 12 days before the hay was cut. 

Figure 3, an aerial photograpli, shows the relation of the recorder 
and the smelter stack to the field from which the fumigated alfalfa 
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was obtained. It may be noted that the recorder is nearly on an air 
line between the south corner of the field and the smelter stack. 
The photograph shows also the type of topograpliy surrounding this 
narrow cultivated valley, wliich in part accounts for the varied air 
currents. 

For control purposes, fourth-cutting alfalfa grown during the same 
period in a field more than 30 miles north of the smelter was used. 
This hay was selected by a Government hay grader to match the 
fumigated hay as nearly as possible, except for sulphur dioxide 
marlangs. The field from which the hay was obtained is located 
more than 20 miles bevond the most remote point from the smelter 
where even traces of sulphur dioxide markings have been observed, so 
that it is reasonable to assume that the plants had not been subjected 
to sulphur dioxide gas. 



Figure 3.— Aerial photograph showing relative positions of the fumigated field (within square), gas recorder 
(in circle), and smelter smokestack (indicated by arrow) in a narrow irrigated valley. The alfalfa fumi¬ 
gated with sulphur dioxide was obtained from within the area enclosed by the dotted line. 


Both lots of alfalfa as finally selected were graded IJ. S. No. 2 Extra 
Leafy. The fumigated hay was found to consist of 42.03 percent of 
stems and 57.97 percent of leaves by weight. The check hay con¬ 
tained 46.93 percent of stems and 53.07 percent of leaves. The 
grader stated that the market value of the check hay was abo\it 5 
percent Wgher than that of the fumigated hay, principally on account 
of the difference in color. 

The double-reversal feeding and digestion trial of 90 days’ duration 
was conducted with 10 lactating cows. All of the cows were excellent 
producers. It will be noted from table 1 that five of them were not 
pregnant at the end of the experiment, and only one had carried a 
fetus for more than 68 days. Eekles (^, pp. 413-416) has shown that 







Sept. 1 ,1937 Nutritive Value of Alfalfa Injured by Sulphur Dioxide 385 


the first 150 days of pregnancy do not materially affect the rate of 
milk production. 

Table 1 .—Description of cows used in the fumigated alfalfa experiment 




1 

A{?e at 

Dura¬ 
tion of 
preg- 

Time 

from 

freshen- 

Cow 

Breed 

1 _ _ 

close of 

nancy 

ing date 

no. 

1 

1 

experi¬ 

ment 

at close 
of ex¬ 
peri¬ 
ment 

to close 
of ex¬ 
peri¬ 
ment 



Days 

Days 

Days 

IfL- - 

Ilolstoln-Friesiftn.. 

1,861 

68 

1.56 

31_ 

_do__ 

1,183 
958 

162 

206 

42 

_do_ 

40 

232 

41_ 

Ouernsey. _ 

975 

0) 

139 

18_ 

Jersey.. .1 

1 1,791 

1 

(«) 

393 


Cow 
no. 1 

Breed 

Age at 
close of 
experi¬ 
ment 

Dura¬ 
tion of 
preg¬ 
nancy 
at close 
of ex¬ 
peri¬ 
ment 

Time 
from 
freshen¬ 
ing date 
to close 
of ex¬ 
peri¬ 
ment 

22.__. 

Jersey... 

Days 

1,647 

Days 

(0 

Days 

368 

4r>.... 

Guernsey.. 

867 

(0 

129 

24_ 

_do_ 

1,.500 

(0 

60 

167 

32.... 

11 olstein-Friesian. _ 

1,168 

198 

40.... 

.. 

991 

8 

260 


I Xot pregnant. 


The cows were divided into two groups of five each. One group 
was fed the fumigated hay and the other was fed the check hay, the 
hays being reversed at tlie end of each 30-day period. Otherwise the 
rations of the two groups were identical and consisted of a good grade 
of silage made from Mexi(‘an June corn, a giain mixture consisting of 

3 parts of ground no. 2 mixed corn, 1 part of wheat bran, 1 part of 
cottonseed, and 1 part of cottonseed meal (43-percent protein). It 
is the practice in this vicinity to feed silage and a grain ration with 
the alfalfa, and this was done by dairymen who were concerned with 
alfalfa marked by sulphur dioxide. 

The time was divided into three periods of 30 days each. Diges¬ 
tion trials were conducted during the last 10 days of each 30-day period. 
Three of these 10 days were allowed for the cows to become accustomed 
to the conditions of the digestion trials; the remaining 7 days were 
used as a collection period. 

The alfalfa was fed to the cows at the rate of 1)4 pounds for each 
100 pounds of live weight, the silage at the rate of 1 pounds for each 
100 pounds of live weight, and the grain at the rate of 1 pound for each 

4 pounds of 4-percent fat-corrected milk. The proper amount of 
feed for each cow in relation to her weight and production of 4-percent 
fat-corrected milk was calculated at the beginning of the experiment, 
and the amount of feed was not altered during the 90 days of the 
experiment. During the lirst 20 days of each 30-dav period the feeds 
were weighed to the closest 0.1 pound, and during tlie last 10 days of 
each 30-day period the feeds were weighed to the closest gram and 
the water consumed was weighed to the closest 0.1 pound. The 
weight of feeds fed per day for the entire 90 days and also the daily 
weight of dry matter in the orts during the digestion periods are shown 
in table 2. 

At the beginning of eaclj digestion trial, enough grain to last for the 
full 10 days was tiioroughly mixed and sampled, and the 30 feedings 
for each cow were weighed into paper bags and labeled. The silage 
was removed from the silo shortly before it was fed and the proper 
quantity weighed for each cow. Representative sainples of the alfalfa, 
which was fed wdiole, were secured during each digestion trial. The 
values for alfalfa shown in table 3 are the averages of these samples. 
The feeds, orts, and feces were analyzed by the official methods of the 
Association of Agricultural Chemists (Jf). 
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Table 2. —Amount of feeds fed per day during entire 90 daySj and dry matter in 
orts during digestion trialsf of fumigated-alfalfa experiment 


VtvK no. 

1 

Feeds fed per day 

Dry matter in 
orts per day 

Cow no. 

Feeds fed por day 

l^ry matter in 
orts per da> 

Alfalfa 

Silage 

Grain 

Grams 
8.301 

4,626 
.6,034 

4,356 

2,859 

3.402 

4,899 

1 

Fumi¬ 

gated 

alfalfa 

Check 

alfalfa 

Alfalfa 

Silage 

i 

Grain 

Fumi¬ 

gated 

alfalfa 

Grams 

0 

576 

720 

Check 

alfalfa 

16.. 

Grams 
11,430 
11,160 
9,117 
7,893 
8,301 

7,077 
7,893 

Grams 
9,798 
9 ,525 
7,7.68 

6.804 
7,077 
6,123 

6.804 

Grams 
1,668 
1, 708 
198 
923 
201 
722 
378 

Grams 

450 

3,551 

494 

331 

493 

910 

6.16 

24 _ _ 

Grams 
7,893 
9, 525 
7,893 

Grams 
6,804 
8,148 
6,804 

Grams 

5.442 
4,083 

5.442 

Grams 

0 

1,477 

108 

31. 

42_ - 

41. 

18 . . .. 
22 . 

46 .. .. 

32.- 

40. ... . 

Mean.. 

S. 1). 

Odds 

- .. . 


. 

715 

St.'i 





794 
2 11 1 

i 1 




The percentage of the dry matter in the feeds, and the analyses of the 
dry matter, are shora in table 3. 


Table 3. —Composition of dry matter in feeds fed during digestion trials to cows on 
f u migaicd-alfaIfa. experiment 


Kind of feed and jieiiod 


Mixed gram: 

Period 1. ... . 

Period 2. 

Period 3. 

Silage. 

Alfalfa, fumigated. 

Alfalfa, check. 


, 1)1 V 

1 inaltor 

Protein 

Fat 

Fiber 

Xilro- 

gen-free 

extract 

A'»li 

1 Percent 

Percent 

Percent 

Percent 

1 

Per Cl nt 

Per cent 

I 92 39 

20.31 

9.03 

12.34 

.63 23 

5 09 

91 35 

20 83 

8.67 

11 02 

.61.39 

I .6 (19 

93 32 

19,97 

9.57 

12. 77 

52 76 

i 4 9.4 

1 22 17 

7 18 

i 2 20 

29 85 

52 21 , 

s W' 

87.21 

15.29 

1 80 

32 99 

! 41 .64 ! 

8 .38 

85.39 1 

13 45 

1 79 

36 89 

39 88 1 

7 99 


Two sfunples from each of the lots of hay were analyzed for sulphur 
by the Biirgess-l^arr bomb method. The average sulphur content on 
a moisture-free basis for the cheek hay was 0.3S4 percent, and for thc^ 
fumigated alfalfa, ().()17 })ercent. 

The energy of the feeds was determined by the use of the Barr 
oxygen-bomb calorimeter apparatus. The Benedict oxycalorimeter 
was used to determine the energy value of the refuse and feces. The 
energy in the milk was calculated by the method of flaines and David¬ 
son U). 

Sand was used for bedding during the 3 preliminary days of each 
digestion trial, and canvas mattresses filled with straw were used during 
the 7 collection days. Attendants were constantly present to collect 
the excreta. At the end of each 24-l)our collection period the excreta 
were thoroughly mixed and an aliquot portion taken for a composite 
sample. 

Throughout the 90 days of the experiment the cows were weighed 
between 10 and 11 a. m., and while on digestion trial, at 5 a. m. also. 
During the digestion period the cows were exercised for 30 minutes by 
walking 1.25 miles immediately after the 10 a. m. weighing. 

The milk was weighed at each milking during the entire 90 days and 
a 5-day composite sample was secured for biitterfat analysis by the 
Babcock method. 
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EXPERIMENTAL RESULTS 

MILK PRODUCTION 

The results secured, as measured by the production of 4-percent- 
fat-corrected milk while the two hays were consumed, are shown in 
table 4. The productions during the second 10 days of the first and 
the third 3()-day jieriods wore averaged. This average was comjiared 
with the production during the second 10 days of the second 30-day 
period, in order to compensate for an advancing lactation period. The 
average production of 4-percent fat-corrected milk per cow while the 
cows were fed fumigated hay was 345.0 pounds, and while they 
received the check hay, it was 341.1 ])ounds. When the data are 
analyzed by Student’s method (6'), the odds are 2.08:1 that the differ¬ 
ence is significant. It is apparent that there was no significant differ- 
(Uice in the results secured with the two rations as fed in this 
experiment. 

Data for the milk produced during the rest of the experimental 
period are not presented in detail since they were concordant with the 
data presented in table 4. The total production of fat-corrected milk 
during the portions of the lK)-day trial that the 10 cows received 
fumigated hay was 15,508.3 pounds and during the portions that they 
received the check hay, 15,151.5 pounds. When the production of the 
first and the yiroduction of the third 30-day period were averaged and 
compared with the production of the second 30-day period, it was 
found that 10,27().0 pounds of 4-percent fat-corre(‘ted milk w^as pro¬ 
duced while the fumigated hay was fed, and 10,120.2 pounds while the 
(‘heck hay w as fed, a diU’erence 0.1 percent greater than that shown by 
tlie data in table 4. 

'J\uLE A.—'Milk production ivhilc cowa received alfalfa hay fumigated iriih sulphur 
dioxide rain }Hired nith production udule coirs received non fumigated hay during 
lO-’day periods of a double-reversal feeding trial 


1 4iH'r- 

4-pei - 

1 

' 

1 l-i)er- 

4-per- 



j (MUll fill- 

cent fat- 



cent fat - 

cent fat- 



1 roimt- 

coirect- 



, coireet- 

correct- 



' , diiriiJfr ! duriiiK 

P in 

1 

Cow nt). 

i ed nnlk 

1 durinjr 

ed milk 
during" 

P 

P' 

' fuiiiipat* 

check 

j 


, fiunijiat- 

check 



1 ed lia> 

hav 


j 

1 0(1 ha\ 

hiiv 



j IH'riods 

periods 

i 


1 i)enod'=i 

■ 

]H‘ri(>ds 



Pounds 

Pounds 

1 


* Pounds 

Pou nds 



ir» 603 9.3 

063. 76 

,60 17 i2, r»17 03 

i; 46... 

3S0. IS 

369 28 

10 90 

IIS SI 

31 2S6.2:) 

310 32 

;-24 07 1 679 36 

1 24 

377 00 

396 38 

-19 3S 

375 ,6S 

42 ' 371.88 

.167 76 

' 4 13 17 06 

1 32... - 

31.1.02 

307.13 1 

1 7 ^9 ' 

62 26 

41 - 306 OS 

IS J<»0 r>o 

326 to 
ltl7 03 

;-2I.32 1 4.64 r>4 

I - 6 5.J 1 42 04 

j| 40 .. . 

426 90 ! 

407.72 

' 19 IS 

307 S7 

li 





22 - j 229 

204 72 

! 21 S3 1 610.63 

: 1 

!i Total.. . 

. ,3. 456 29 

3, 410 49 

46 SO i 

5. 161 67 

J 


i 

' 1 

it Averatte.. 

' 346 63 

341.05 

4 5S i 

616 167 

]U .Student\s luelhod: 

/) V6b^"l67-(4 5iip^22 







■41=0 







S I). 







SI). ' 22.23 

Odds«208.1 that thereisasipniflcanl OtMsof25or30io I aiemiuiied 

to establish a deflnit© dilTereiice 


WEIGHTS 

A 3-day running average of the weights of each cow revealed con- 
siderable variation in HU and shrink incident to stabling for digestion 
trials, but there were no significant actual gains or losses in weiglit 
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during the 90 days. During the 7-day collection periods, each of the 
cows was weighed at 5 a. ni., the weights at both the beginning and 
the end of each period being included, which gives a total of eight 
for each cow for each digestion trial. The average weight of the 
cows while receiving the fumigated hay was 1,079.8 pounds, and while 
receiving the check hay, 1,078.2 pounds—a difference of only 1.0 
pounds. 

PALATABILITY 

The rations contained a relatively large quantity of alfalfa and the 
cows receiv’^ed as much alfalfa as they would consume, or slightly more 
so that the orts from the two hays might indicate their comparative 
palatability. In most cases the material refused was alfalfa stems. 
During the second digestion trial, cow 31 was off feed for a few days 
and passed a small amount of blood with the urine. This apparently 
accounts for her high feed refusal during this period. 

The dry matter in the orts was determined for the periods that the 
cows were on digestion trials. The results are shown in table 2. 
The mean weight of dry matter in the orts while the cows received 
fumigated hay was 715 g. per day and while they received the check 
hay, 845 g. 

The dry matter in the orts during the first 20 days of each 30-(lay 
period was not determined, but the daily weights of orts were prac¬ 
tically the same as during the digestion periods. 

* These results, as well as observations made when rations were 
changed, indicate no difference in palatability of the two rations. 

APPARENT DIGESTIBILITY OF THE COMPLETE RATIONS 

The apparent digestibility of the dry matter, energy, protein, ether 
extract, Hber, nitrogen-free extract, and ash is shown in table 5. In 
no case was there a significant difference between the two rations. 

The correlation {8) between the apparent digestibility of the energy 
and of the dry matter in the 30 trials (0.9441) was very high. The 
high correlation is clearly indicated in figure 4. 


Table 5. — A'pparent (hgestihihln of the various ronslituents of entire raltons con- 
taming fumigated and norifumigutrd alfalfa 



Dry matter 

Plnergy 

Protein 

Ether ex¬ 
tract 

Fiber 

Nitrogen- 
free extract 

Ash 

Cow no. 

Fumigated 

Check 

Fumigated 

Check 

Fumigated 

JC 

U 

-a 

ed 

1 ' 

Check 

Fumigated 

1 

U 

Fumigated 

Check 

Fumigated 

Check 


Per- 

Per- 

1 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Ptr- 

Per- 

Ptr- 

Per- 

1(5. 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

fi4.« 

66.6 

65 0 

07.8 

70.6 

70.8 

89. 

6 

93 0 

46,7 

52 5 

71 7 

74.2 

40.4 

44 1 

31_ 

1)5. 7 

71 1 

6.5 2 

71.3 

69.1 

75.5 

I 87.2 

88.7 

62.9 

63,6 

72.7 

75,4 

45.6 

50. 4 

42.. 

({.').2 

0.5 J 

64 0 

66 3 

70.1 

68 9 

87.0 

87.8 

51.2 

64 7 

72.3 

72.3 

45.2 

38.1 

4!. 


62 8 

6.5 8 

63,7 

69.6 

70.6 

i 86 7 

87.7 

53.0 

51.2 

72 5 

70.6 

42.1 

29.4 

IS . 

6,5.1 

64 0 

64 5 1 

63.8 

71.6 

70 2 

84.6 

78.3 

54.2 

54.4 

71.4 

71.0 

43.8 

41.4 

22.. 

57. 6 

m 3 

58 8 

61.1 

67 2 

fK3. 1 

71. 

9 

84.1 

40.9 

48.9 

67.3 

68.7 

26.4 i 

32. 2 

45 .. 

6.5. 7 

63 3 

66.4 

63,8 

72 5 

67.0 

88.2 

83.1 

i 53.9 

49.9 

73 4 

71.3 

29.6 

38.2 

24.. 

6» 3 

65.8 

69 2 

65 4 

74.7 

69.4 

8.3,6 

m.5 

55.5 

60.5 

77.6 

74.3 

44.3 

48.3 

32 . 

64.4 

67.3 

1 64 2 

66 9 

72.1 

1 70.7 

91. 

5 

80.2 

I 53.1 

61.8 

70.4 

72.4 

38.6 

44.5 

40. 

67.1 

67 0 

' 67.9 

67.8 

75 8 

j 71.5 

90.3 

85.9 

50.4 

57.9 

74.8 

72.9 

39.7 

39.4 

Mean-- 

65.0 

65.3 

65. 1 

65 8 

71.3 

69.8 

86.1 

85. 2 

51.2 

64.6 

72.4 

72.3 

40.2 

40.6 

S. D. 

Odds . 


3.21 
1.0 1 


2.87 

2 9:1 

3.41 

8.3:1 


6.07 

2.2.1 



1 5.26 
18.8:1 

2.03 

1.0:1 



6.37 

1,1,1 
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PERCENT OF ENERGY INTAKE RETURNED IN MILK 

The energy in the milk produced by the cows while on the digestion 
trials was determined by converting the milk production to the equiv¬ 
alent amount of 4-percent fat-corrected milk (-4). The percentages of 
energy intake returned in the form of milk when the two rations were 
feci were determined and compared by Student^s method as shown in 
table 6. The means are 18.65 percent for the fumigated-alfalfa periods 
and 18.49 percent for the check-alfalfa periods. This difference is not 



Fn,i HE t -rorrolatioi) between the appsirent diKestit»iIily of the dry matter and of the energy in the total 
ration The ration eoiiMStOil of alfalfa, corn silage, and a gram mixture, and was fed to 10 co\\s during 
each of 3 digestion trials 


signiheaut. P'orbes and Voris (S) show an aveiage return of 20.76 
percent of the energy fed to 12 cows throughout the duration of their 
lactation periods. The variations in their experiments wore between 
IS.04 and 2^1.35 percent for the individual cows. It may be. pointed 
out that the rations fed to the cows in the experiment of Forbes and 
Voris were reduced as the lactation advanced to correspond to the 
production of the individual cows. 
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Table 6.— Energy intake returned in milk from cows fed rations coiaining fiimi’ 
gated and nonfumigated alfalfa 



Cow no 

Fumi¬ 

gated 

alfalfa 

Check 

alfalfa 

Cow no. 

Fumi¬ 

gated 

alfalfa 

Check 

alfalfa 

3].... . 

AO 

1 

Percent 
22,42 
15.46 
1ft. 37 
17.76 
11.5ft 
15.52 
22.05 

Percent 

21 87 
18.12 
20 07 
16.33 
10 37 
16.57 
20 83 

32. - _ 

40.. . _ 

Percent 
18 78 
23. 42 

Percent 

18 24 
22. 58 

41-.. 

18..., 

22_ 

45- 


Xloan. - ... - 

18 65 

18 4'< 


S D.. . 

Odds.. . _ 

1. 2158 
1.83.1 


24_ 


20 17 

1ft. 95 




pH VALUE OF THE URINE 

Every inorninfy while the digestion triHls were in ])rof 2 ;ress, n sMiuple 
of approximately 100 oe of urine was secured from each cow. 'V^^len 
the temperature of the samples had reached e([uilihrium with the tem¬ 
perature of the room (between 60® and 70® F.) in which the yiotenti- 
ometer was located, the pIT value was determined. A Leeds and 
Northrup 7655 potentiometer and a quinhydrone electrode were used. 
The pH values ranged from 8.22 to 8.43 wliile the cows were fed the 
fumigated alfalfa, and from 8.18 to 8.57 while they were fed the check 
alfalfa. The respective approximate means were 8.30 and 8.38. 
* \Vliile the pH value of the urine tended to be lower when the ration 
contained the alfalfa with the higher (luantity of suljdmr, the odds of 
8.33:1 indicate no sij^nificant difference. 

SUMMARY 

In a 00-day double-reversal feedinjx trial, 10 purebred cows, Hol¬ 
stein-Fricsians, Jerseys, and fiuernseys, w^ue fed a ration of mixed 
^rain, corn silage, and alfalfa that had been injured by sul])hur dioxide 
gas. For comparison the same ration was fed, except that non¬ 
fumigated alfalfa was used. 

The average daily production of 4-per(‘ent fat-corrected milk pei 
cow was found to be 34,6 pounds while the cows received the fumi¬ 
gated alfalfa, and 34.1 ])ounds while they received the check alfalfa 
during the second 10 days of eacli 30-day period. 

There were no significant changes in the weights of tlie cow .s. 

Tlie last 10 days of each 30-day period were used to determine the 
apparent digestibility of the tw^o rations. No significant differences 
WTre found in the apparent digestibility of the various constituents 
of the rations when the results from feeding the tw^o hays w ere com¬ 
pared. A correlation of 0.9441 was found betw^een the apparent 
digestibility of the dry matter and the apparent digestibility of tin* 
energy. 

During the digestion trials the average daily refusal of dry matter 
w^as 715 and 845 g per cow wdiile receiving the fumigated alfalfa and 
the check alfalfa, respectively. The difference is not significant. 

Of the ingested energy, 18.65 percent was returned in milk while the 
COW’S were receiving the fumigated alfalfa, and 18.49 percent while 
they were receiving the check alfalfa. The difference is not significant. 
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While the pH value of the urine voided by the cows when receiving 
the fumigated alfalfa was slightly lower than when receiving the check 
alfalfa with its somewhat lower sulphur content, the difference is not 
significant. 

CONCLUSION 

No significant increase or decrease in the feeding value of alfalfa 
hay made from alfalfa subjected to a sufficient amount of sulphur 
dioxide to cause acute injury to more than 25 percent of the leaflets 
was apparent under the conditions of this experiment. 
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CERTAIN RELATIONSHIPS BETWEEN THE CALCIUM AND 
OXALATE CONTENT OF FOLIAGE OF CERTAIN FOREST 
TREES‘ 

By Robert F. Chandler, Jr. 

AssiHani professor of for efit soils j New York {Cornell) Agricultural Experiment Station 

INTRODUCTION 

That calcium oxalate crystals exist in the tissues of inany plants 
is a well-established fact. Little investigation, however, has been 
conducted to determine what proj)ortion of the calcium is present 
as the oxalate, or what i)ercentage of the oxalate ions are combined 
with calcium. This paper shows in what form the oxalate ions 
exist in the leaves of certain forest trees and indicates certain associa¬ 
tions between the calcium content and the oxalate content of the 
leaves. 

No attem])t is made at this time to formulate a theory which 
associates the cahdum requirements of forest trees with the pro¬ 
duction of oxalic acid. Such a relationship may exist, but the data 
included in this j)aj)er do not adequately substantiate such a theory. 
Further studies are bein^ conducted on this ])roblem. 

EXPERIMENTAL METHODS 

The trees from which the leaf sam])les were picked were g:rowing 
in the vicinity of Ithaca, N. Y., on Dunkirk silty clay loam and 
Lordstowu stony silt loam. The Dunkirk soil is derived from glacial 
lake-laid deposits, and has an acid surface soil, but a calcareous 
subsoil. The Lordstown soil is derived from glacial till composed of 
fragments of shale and sandstone. It is acid throughout the profile. 

The leaf samples were secured between September 10 and 15, 
193(), according to the technique described by Mitchell.^ The 
samples were dried for 24 hours at a temperature of 70° C., and 
subsequently ground so that all of the material passed through a 
40-mesh sieve. 

In the determination of total calcium, a K-g sample was ignited 
in an electric muflle furnace at a temperature of approximately 
S00° The asli was taken up >\ith hydrochloric acid and trans- 
f(»rred (juantitatively to a 150 ml beaker. The calcium was pre¬ 
cipitated as the oxalate by the usual method, and titrated with 0.05 
normal potassimn ])e]mangai)ale solution. 

The total o.xalate content of the tissues was determined by the 
ether extraction method of I^ucher, Vickery, and Wakeman.^^ 

The acetic acid-insoluble calcium was determined as follows: A 
25-ml portion of normal acetic acid solution was added to a 1-g leaf 

» Received for publication June 17, i.ssued September l«a7. 

MitchBLL. II. L. trends in the nitrogen, phosphobi's, and potassium content of the leaves 
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sample and the mixture was agitated on a mechanical shaker for 10 
minutes and then filtered on asbestos by the use of suction. It was 
next washed with successive 25-ml portions of the acetic acid solution 
until somewhat more than 200 ml had passed through the filter. The 
filtrate was then transferred to a 250 ml volumetric flask. A 50-ml 
aliquot was evaporated to dryness and the calcium content deter¬ 
mined in the same manner as described above. This value, the acetic 
acid-soluble calcium, was subtracted from the total calcium content 
to determine the amount which was insoluble in acetic acid. It was 
assumed that this fraction corresponded to calcium in the form of 
calcium oxalate, 

EXPERIMENTAL RESULTS 

The total calcium content, total oxalate content, and acetic acid- 
insoluble calcium of the foliage of various tree species are presented 
in table 1. The results are expressed as milliequivalents per 10 g of 
oven-dried material. The percentage of calcium insoluble in acetic 
acid and the series designation of the soils upon which the trees were 
growing are also reported. The tree species are listed in the order of 
their increasing total calcium content. 


Table 1. —Total calcium content^ total oxalate content^ and acetic acid-tnsoliible 
calcium content of foliage of various forest trees 


Tree species 


Soil senes 


Total 
ralciiun 
iH?r 10 g 


Total 
oxalates 
l>er 10 g 


Calcium 
insoluble 
in acetic 
acid iw 

10 g 


Portion 
of total 
calcium 
insoluble 
in acetic 
acid 


White pine, Pmm strobus L. (new needles) . 

Kod oak, Quercus borealis var. maxima (Marsh ) 
Ashe. . . . . 

1 

Dunkirk.., -1 

Lordstown.-I 
_do. 

Chestnut oak, Quercus montana Willd_ 

Yellow hirch, Betula lutea Michx- _ _ 


Sugar manle, Acer sacekarum Marsh_ _ 

_do_! 

White cedar, Thuja occtdentalts L. (new leaves) .. 
Red cedar, Juniperus mrgtmana L. (new leaves) 
White ash, Fraxtnus amencana L . . 

; Dunkirk.... 1 

_do_' 

I,ordstowu. - i 
Dunkirk,,, 1 
Lordstown.J 
_do _ 1 

White cedar (old leaves) ... 

Ironwood, Ostrya virginiana (Mill.) Koch . 

Trembling aspen, Populua tremuloides Michx _ 

Do ..-.-. 

Dunkirk.., 
Lordstown... 
Dunkirk..,. 1 
Lord.stown- . i 
.—do . 1 

Pignut hickory, Hteoria glabra (Mill) Sweet _ 

Red cedar (old leaves) ... 

Pignut hickory ... 

Basswood, Tilia amencana L ... 


AUUi’ 

egmvalenfs 

2.05 

5.20 
0.00 
7.51 
7.95 
8.75 

10.05 
11.30 
13. 10 
13.24 
13 30 
13. 31 
H HI 
10 85 
18.13 


I 


MiHu 
egutvalents 
1.55 


I 

tguivatejUsl 
1.53 


2 47 
3.21 
4.45 
4. 75 
6.01 
0 55 
5 51 
8 54 
8 51 


12. 09 i 
13.02 I 


10. 12 
10.91 


2. 15 . 

3 25 i 
4.50 i 

4 70 I 
5.99 

0 60 , 
5.65 i 
8.55 I 

8.00 I 

5.52 ! 
6.43 I 
11.52 
11.81 
14 98 I 
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74 0 
56 2 

75 0 
65.0 

41.6 
48.3 

86.6 
79.7 
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There was a distinct tendency for the total oxalates to be correlated 
with the total calcium content. Trembling aspen and basswood were 
outstanding exceptions to this rule, and white ash and ironwood were 
somewhat out of line. The total oxalates did not exceed the total 
calcium in any case. 

A comparison of the total oxalates and acetic acid-insoluble calcium 
shows a close agreement in nearly all cases. This seems to support 
the conclusion that in most cases all of the oxalate ions were comDined 
with calcium. Pignut hickory and red cedar were the only two 
exceptions to this rule. 

An examination of the last column of table 1 shows that the per¬ 
centage of the total calcium present as calcium oxalate varied con- 
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siderably. The two aspens and red oak were lowest in this reject. 
I'he white cedar, red cedar, and pignut hickory were highest. There 
was a close agreement between the figures for the two aspen samples, 
as well as for the two hickory samples, although each tree was growing 
on a different site. The data also indicate that when the calcium 
oxalate content reaches a certain value (79 percent or above) in 
relation to the total calcium any oxalic acid formed in excess of that 
amount will be in some form other than calcium oxalate. 

DISCUSSION 

The fact that the calcium content always exceeded an equivalent 
amount of oxalates is of particular interest. Of course, if all the 
oxalates were present as calcium oxalate, the above situation would 
have to exist. Uhe question arises, however, as to why the production 
of oxalic acid in the leaves was maintained within such limits as to 
prevent it from exceeding the calcium content, or, conversely, why 
the absorption of calcium was limited to such an extent that it did 
not exceed the oxalate content to any great degree. Parker and 
Truog ^ advanced the theory that the amounts of calcium and nitrogen 
in plant tissues are highly correlated because of the fact that protein 
jnetabolisin is one of the chief sources of organic acids and the calcium 
absorbed would function in the neutralization of these acids. 

I'he total nitrogen content of the leaves used in this study was 
determined. There was essentially no relationship between the nitro¬ 
gen and the oxalate content. For example, the old red cedar leaves 
(‘.ontained only 1.34 percent of nitrogen, yet the oxalate content was 
13.h2 milliequivalents. Red oak, on the other hand, had a nitrogen 
content of 2.05 percent, witli an oxalate content of only 2.47 milli- 
e([uivulents. it would api)ear, therefore, that the production of oxalic 
acid in the forest tree leaves used in this stiuly was dependent upon 
more factors than simply the nitrogen content. Furthermore, Dumie ^ 
has indicated that calcium does not necessarily function in the neu¬ 
tralization of organic acids, since other bases such as jiotassium arc 
suHicient for the process. 

Another factor which complicates the explanation of these results 
is that two species, namely, cucumbertree, AJagfudia acuminata L., 
and tuliptree, Liriodendron tuUpijera L., did not contain any oxalates. 
Tlu^y had a calcium content of 7,70 and 15.15 milliequivalents, 
jcspectively. All of the calcium in each case was soluble in normal 
acetic acid solution. It is of interest to note that cucumbertree and 
tuliptree belong to the same botanical family, which further indicates 
that the production of oxalic acid by plants may be an inherent 
characteristic, and is not necessarily influenced by envii*onment. 

If the absorption of calcium is strongly influenced by the precipi¬ 
tation of calcium as calcium oxalate within tlie plant, one would 
expect those species which produce no oxalic acid to contain relatively 
small amounts of calcium. But, as has been shown above, such may 
not be the case. ''J'here are other forms of water insoluble calcium, 
of course, which v^ oiild be soluble in acetic acid and would not be 
revealed in this study. Such forms might be more abundant m those 

♦ Parksk, F. W., and Truou, E. the relation between the calcium and the nitrogen content 
OF plants and the function of calcium. Soil Sci. 10.49-66, Ulus. 19‘.20. 

' Dunns, T. C, plant biffeb svsrKMS in relation to ab.sorption of bases nv plants. Hilgardia 
7.2^7-234, Ulus. 1932. 



396 


Journal of Agricultural Research 


V^ol. 55, no. 5 


species which had a high calcium content with small amounts of 
oxalates or none. Additional study is needed on this point. 

The fact that, with the exception of two species, essentially all of 
the oxalates could be accounted for as calcium oxalate is interesting. 
This is not true of certain other plants. Lebedeva and Pochinok,® 
working with sugar-beet leaves, showed that water-soluble oxalates 
were present in cpiantities up to five times the amount of calcium 
oxalate, and, moreover, they found no water-soluble or acetic acid- 
soluble calcium. Dunne has shown that buckwheat plants mav 
contain in equivalent amounts nearly twice as much oxalate as cal¬ 
cium. His data indicated that oxalic acid could be precipitated in a 
relatively water-insoluble form by cither calcium or potassium, the 
latter case resulting in the formation of potassium acid oxalate. 

The fact that the calcium content of the older leaf tissues, in the 
case of the cedars, was greater than the oxalate content, even though 
the oxalate content had increased over that of the younger tissues, 
again showed a distinct relationship between cahuum and oxalates. 
Whether the calcium content was related to .the oxalate content or 
whether outside factors influenced both values, is a matter for conjec¬ 
ture. It does not seem likely however, that these relationships were 
entirely accidental. 

Further work is needed on the forms of water-insoluble calcium, on 
the metabolic availability of calcium as calcium oxalate*, and ujion 
the actual calcium requirements of forest tree spedes. 

* SUMMARY 

A study has been made of the relationship between the calcium and 
the oxalate content of the foliage of various forest trees. 

The total oxalates in the leaves were, in general, found to be corre¬ 
lated with the total calcium content. 

In none of the species studied did the total oxalates excetnl the total 
calcium content. 

Except in two species, all of the oxalates were present as calcium 
oxalate. 

The leaves of certain forest trees may not (*ontain any oxalates, yet 
the calcium content may be high. 

® Lebkdeva, a. O., and Pochinok, K N. the determination of the forms of calcium and oxalic 
ACID IN LEAVES OF SUGAR BEKT.s. Nauch. Zaj). Sakhamol Prom. Jl, Book 46-8, no 8-10. 31-47 1934 

[Abstract m Chein. Aba. 5884, 1935.] 
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POTENTIALITIES OF ERADICANT FUNGICIDES FOR 
COMBATING APPLE SCAB AND SOME OTHER PLANT 
DISEASES' 

Hj (i M'. Kkitt, pro/fxxor of plan! pathology, and D. H. Pai.mitku, formerly 
research associalc in /danf paihologj/, H isconsin Agrtcu.Ui/.ral Kj perimerU Station^ 

In » recent paper, one of the writers {lf)y called attention to the 
current reliance on protectant spraying as the dominant measure for 
cojitrol of many fruit diseases, and suggested the desirability of in¬ 
creased etfort to develop control programs of complementary pro¬ 
cedures based on the princijdes of immunization and eradication, as 
well as ])rotection. Th(‘ purpose of the present paper is to report the 
progress of studies of potentialities for increased application of the 
principle of eradication to the (‘ontrol of certain types of plant disease 
through the use of eradicant ^ fungicides. The experimental basis 
of several brief ])reliminary reports on this work 14y 15y 16y 17y 
IS, //>, £0, is recorded herein. 

STUDIES ON APPLE SCAB 

INTUOI>U('TlON 

A])ple (d/u/u/.s* sj/lre^tfls Mill.) scab, caused by Venturia inaequalis 
(dvc.) Win!., is the most widespread and important disease of decidu¬ 
ous orchar<l fruits, J)es])ite the excellent progress that has been 
made in develoi)ing measures for its control, it continues to take a 
lu'avy toll from the growius and consumers td apples. 

Since the advent of bordeaux mixture, protectant spraying (or dust- 
ii>g) has been the dominant measure for apple scab control. So 
great has been its success that comparatively little attention has 
b(*en given to the development of complementary measures. 

Failures of approved spraying practices to give adequate scab 
control in Wisconsin led one of the writers and his associates (10, 
U)y 24 , 33) to undertake a series of studies relating to the epidemi¬ 
ology and control of this disease. The earlier work {16) indicated 
(1) that, under the conditions encountered in this State, ascospores 
(‘omj)rise the only important immary inoculum, and (2) that the quan¬ 
titative level of the ascospiu-ic inoculum is of prime importance in 
relation to epidemiology and control. It was further shown that 
])rote<‘tant spraying is adapted primarily to control of the disease on 
the fruit, and ordinarily fails to control leaf infection sufTiciently to 
preclude the development of a dangerous ascosporic inoculum in the 
following spring. Since all tlie blossoms expand in a relatively short 
time, it is usually feasible to keep them and the developing fruits 

• Hecoived for pabllcalum .\pr. 20, 1937, issued October 1937. This work \\as supported in part by a 
trnuit fioni tlio Wisconsin Alumni Hescarch Fomidalum. 

* (irab'ful ackiiow Icd^nients are made to l)rs E. K. W’^ilson and J. M Hamilton for collalioration in 
ihe earlier work on apple scab, un<l to other members of the Department of Plant Pathology for assistance 
in {wrformiiig the spra> mg experimentN and recording the results 

Reference is made bv mimlH»r (italic) to literature Cited, p 43.'> 

< It Is obvious that some eradicunt fungicides may ha\e protwiimf \alue. and \ice versa. In this papier 
runguMdes are referred to u.s eiadicant or piotoctaiit aewrding to their dominant role. 
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adequately protected by fungicidal treatments. However, new 
leaves are produced during a much longer period, and unprotected 
leaf surface may be exposed between fungicidal treatments of any 
feasible frequency. The current method of scab control by protectant 
fungicides is, therefore, based chiefly on a philosophy of defense. The 
pathogen is permitted to maintain a high survival level, and under 
conditions of moderate or severe occurrence of the disease there is 
usually little or no cumulative control (15y 16), 

These considerations suggested a critical reexamination of the 
current defensive methods of apple scab control and an exploration 
of possibilities for developing complementary offensive measures 
designed for direct attack on the patliogen, with the aim of reducing 
it to a (quantitative level at which it might be more surely and eco¬ 
nomically controlled. 

Despite its great accomplishments, the protectant fungicidal method 
of scab control has some sharp limitations. The most fundamental 
one, its failure to reduce the pathogen to a sufficiently low survival 
level to accomplish satisfactory cumulative control, has just been 
discussed. A further and increasing difficulty in the protectant 
program is the conflict between the requirements of sufficient toxicity 
for adecquate control of the disease and freedom from objectionable 
host injury. Increasing age of orchards and concentration of apple 
culture tend to increase the severity of the disease and, consequently, 
the need for protection against the fungus. At the same time, rising 
standards of quality of fruit and increased knowledge of effects of 
host injury make for lessening the tolerance of toxicity to the host. 
C^onsiderations of host injury have led to the use of i)rogressively 
weaker fungicides. Bordeaux mixture has largelv been replaced by 
lime-sulphur, which in turn is being replaced by less toxic materials. 
However, decreased toxicity of the fungicide necessitates increased 
frequency and cost of application or increased danger of failure to 
control the disease. Another limitation of programs based too 
exclusively on the use of protectant fungicides is tlie constant danger 
of serious failure to control the disease in the event of unusually severe 
epidemics or unavoidable dislocations in the program of applications 
incident to weather conditions, failure of machinery, or otlier causes. 
Furthermore, these programs are objectionably laborious, time 
consuming, and expensive. 

In exploring the possibilities of developing control measures to 
complement protectant spraying, attention was turned first to con¬ 
sideration of means for a direct attack on the pathogen, with the 
inunediate objective of reducing its survival level sufficiiently to 
facilitate contrc-d. It was thought that a sufficiently drastic reduction 
in the ascosporic inoculum might insure the success of the protectant 
program, even under the most favorable conditions for scab develop¬ 
ment, and that lessening the severity of the strain on protectant spray¬ 
ing might permit the use of milder fungicides or fewer applications. 
The nearest feasible approach to local eradication of the pathogen was 
re^rded as the ultimate objective of this line of work. 

There have been many previous attempts to apply eradicant meas¬ 
ures to apple scab control; but, whether because the idea is impractical 
or the methods developed were not sufficiently effective, compara¬ 
tively little progress has been made. 

Disposal of the fallen leaves by burning or burying was empirically 
recommended long before it was proved that the scab fungus over- 
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winters in them. Turning the leaves under by clean culture before 
the ascospores are discharged is often recommended, and is generally 
regarded as a desirable aid to scab control in situations where such 
cultivation is a feasible and economic horticultural practice. How¬ 
ever, there are a great many situations in which this procedure is not 
feasible; and, furthermore, exact studies of its effectiveness in relation 
to the epidemiology and control of scab are lacking. The chief limita¬ 
tion to its success in situations where it can bo practiced advantageously 
appears to bo its comparative inefficiency as an eradicant measure. 

Possibilities of reducing the survival level of the scab pathogen by 
spraying have received consideration from time to time; but advances 
in this direction have been sharply limited both by insufficient under¬ 
standing of basic phenomena in the epidemiology and control of the 
disease and lack of suitably adapted materials and methods. Experi¬ 
mentation in this direction has hitherto been dominantly concerned 
with fungicides that were developed primarily for protectant spraying. 
For reasons that have been stated, efforts to supprcvss the pathogen 
through cumulative effects of protectant spraying have met with 
comparatively little success. Jelile and C'ory {12)^ following a sug¬ 
gestion of W. Travers, tested the value of an application of bor- 
deaux, 10-10 50, made just after harvest and before many of the 
leaves had fallen, thinking that it might check spore production in 
the fallen leaves in the spring. They concluded that, ^‘When no other 
material was a])plie(l except Bordeaux in the fall, there was apparently 
a slight gain in the number of fruits free from scab, but this increase 
was so slight that as an added treatment Bordeaux would not be 
])rofitable’\ Curtis (Jf.\ tested the effects of spraying the leaves on 
the ground in the spring with Iimo-sulj)hur at the strength used on 
tre(‘s in foliage. Three such applications of spray caused a definite 
reduction in the incidence of foliage infection, whereas a single treat¬ 
ment did not. She states that, ^‘Application of the sjmiy tliree or 
four days before rain does not necessarily prevent the discharge of 
living ascospores; maximum effectiveness of the sjiray is secured only 
when it is applied immediately after rain'\ Early in the development 
of spraying methods for ajiple scab control, a. dormant application 
of bordeaux was sometimes recommended as a ^‘clean-up” spray; but 
the results did not justify general adoption of this practice. In 
situations where the scab jiathogen overwinters in twig lesions or bud 
scales, dormant ajiplications of lime-sulphur or bordeaux are sometimes 
employed, though fungicides better adapted to the purpose would 
seem desirable. 

During the course of the work reported in the present paper (cf. 
]6\ ]9y 20)^ Folsom and Ayers (6*) found that an application of copper 
sulphate solution, 5-50, after harvest apparently caused no reduction 
in the development of ascocarps of the scab fungus in the following 
spring. Wiesmann [SI) states that, in similar small-scale experiments 
in one season, each “1% Helion-Winter, Ciba 1930'^ and *‘8% Obst- 
baumkarbolineum Maag” hindered or prevented the formation of 
})erithecia, whereas ‘'20% Schwefelkalkbruhe SiegfiietF' did not. He 
reports further that treating the leaves with “5% Obstbaumkarbo- 
lineum” as they lay on the j^round under the trees in the spring killed 
85.0 percent of the ripe penthecia. 

In the present investigation eradicant chemical treatments have 
been directed against the pathogen at two seemingly vulnerable stages 
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in its life history. The first of these is the period after harvest but 
before many leaves have fallen. At tliis time the leaves ean still be 
thorouglily covered by spray and the trees will tolerate a much more 
drastic treatment than is feasible earlier in the ^rowmg season. The 
other vulnerable stage is after leaf fall but befoie ascospores are dis¬ 
charged. Still more drastic treatments can then be given to tlie leaves 
on the ground. The work on fall spraying is rei)ortod first. 

THE EARLIER EXPERIMENTS ON FALL SPRAYING, 1921 31 

Studies of the possible adaptation of a fall a.i)])lication of eradicant 
fungicides to apple scab control were started in 1924, and have been 
continued in each succeeding year. Since the chief ])urpose of the 
earlier work (1924 -31) was to narrow the problem, it will not be re¬ 
ported in detail. A brief account of it follows. 

Branches or whole trees bearing diseased leaves were s])rayed aftm* 
harvest and before many leaves had fallen, and re])resentativo sani])les 
of sprayed and unsprayed leaves wwe jricked, shortly before they would 
have fallen, and overwintered on sod in cloth net bags. In tJie follow¬ 
ing spring, by means of microscopic examination, records were made 
on the occurrence of pcrithecia of Venturui Inaequalls, 

The calcium, copper, and lead arsenites used jirior to 1930 and the 
magnesium arsenite were prepared in the laboratory. Tlu' mono- and 
dicalcium arsenites and the dicalcium arsenate used in 1930, which 
were not free from admixtures of homologous calcium arsenites or 
arsenates, res])ectively, were obtained from manufacturers. The 
otlicr materials used were obtained from commerical sources. 

Experiments of 1924- A great reduction in the number of i)erithecia 
followed the use of each copper sulphate, 1 ])en*ent; sodium nitrate, 
15 percent; neutral bordeaux (using 1 percent (''uS() 4 .51120) j)lus 
sodium aresnite, K, and 1 percent, respectively ; and certain highly 
alkaline copper sulphate-potassium hydroxide mixtures. Abundant 
pcrithecia developed in the unsprayed leaves and those that had been 
sprayed with each bordeaux mixture, 9 0-50; lime-sulphur, 1 10; 1 
mixture of bordeaux and lime-sulphur, each at the strength just stated; 
bordeaux, 0-0-50, plus a proprietary sodium polysulphide spray at the 
strength recommended for dormant spraying; neutral bordeaux (using 
V /2 percent C^iS() 4 .51120) plus mercuric chloride, 1 - 1 , 000 ; bordeaux 
6-0-50, plus certain additions of sodium or potassium hydroxide: 
neutral bordeaux (using 1)2 percent CU 8 O 4 . 5 II 2 O) plus a projrrietary 
casein-lime spray supplement; and the last mentioned mixture ])lus 
copper sulphate, three-fourths of 1 percent. Severe host injury re- 
suited from many of these sprays, especially copj)er sulphate and the 
preparations containing sodium arsenite. 

Experiments of 1925. —Comparativel 3 ^ high elfectiveness against the 
fungus was showm b^^ each sodium arsenite, one-eighth of 1 percent; 
paris green, 1 percent; these two materials at the same rates, used 
together; bordeaux, 4 4 50, plus piiris green, 1 percent; neutral bor¬ 
deaux (using 1 percent C^iS 04 . 5 H 20 ) plus calcium arsenite, 1 percent; 
calcium arsenite, one-half of I percent; and calcium arsenite, 1 percent, 
plus sodium arsenite, one-fourth of I pendent. In many cases no 
pcrithecia developed in the treated leaves. They developed fairl.v 
abundantly in the untreated leaves. Most of the treatments were 
seriously injurious to the host. 
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/Experiments in -Severnl iiiixturos of calcium arsenito, or 1 

]>crcont, and neutral bordcaux (usin^ ] percent (^iS 04 . 5 ir 2 ()) or 
lime, one-half of 1 per(‘.ent, greatly reduced the number of perithecia 
without drastic injury to the host. Similar mixtures in which paris 
green replaced the calcium arsenite gave less control and more host 
injury. Sodium and calcium silicofluoride, respectively, 1 or 2 per¬ 
cent, occasioned little reduction in the number of perithecia. Peri¬ 
thecia developed abundantly in the untreated leaves. 

lExperimeiiU in 1927.- Various mixtures of calcium arsenite wdtii 
bordeaux, or with lime plus tricalciuin phospluite (the latter added 
l)ecause of its possible inlluence on reaction of the spray residues after 
weathering), were highly effeefive in preventing the production of 
])erithecia, some of them causing little host injury. wSimilar mixtures 
w ith paris green as the arsenite were less elfective. Zinc arsenite w as 
comparatively ineffective, whether used alone or in mixtures with 
acetic acid or tricalcium phosphate. J^ine oil in concentrations up to 
10 percent was ineffective. Perithecia developed abundantly in the 
untreated leaves. 

/Experiments in 1928. -(^dcium, zinc, copper, magnesium, and lead 
arsenites, respectively, were ineffective in suppressing the perithecia 
at concentrations tolerated by the host. Bordeaux, 8-2 50, plus 
calcium arsenite, 1 percent, reduced the number of perithecia by 9r> 
percent. The same reduction was effected by a mixture of calcium 
arsenite, 1 percent; lime one-fourth of I percent; tricalcium phosphate, 
one-fourth of 1 percent; and a proprietary casein-lime spray supjde- 
iiKUit, one-sixteenth of 1 percent. JVrithecia developed abundantly 
in tlie untreated leaves. 

/ExjX'rlments in 1929. -Numerous mixtures of bordeaux, 3-2-50, 
and calcium arsenite completely suppre.ssed the development of peri¬ 
thecia. hen the calcium arsenite component w as one-fourth of one- 
half of 1 ])ercent, the number of perithecia was reduced by from 91 to 
99.S percent, w ithout severe host injury. (Vrtaiii mixtures of bordeaux 
and copper arsenite gave very similar results. A casein-lime spray 
supplement did not significantly improve the effectiveness of the 
copper-lime arsenic mixtures, but a summer spray miscible oil show ed 
some promise as a su])])lement. Perithecia developed abundantly 
in the untreated leaves. 

/Experiments in 1939.— A summer spray miscible oil, 1 ])ercent, was 
used as a supjdement to all tin* materials tested this year. Tri- and 
dicalcium arsenate, each used alone or mixed with bordeaux, 3-2 -50, 
were comparatively ineffective. Lead, zinc, and copper arsenites and 
paris ^r(*<‘n, each used alone in concentrations of V, or 1 j)ercent, gave 
unsatisfactory results. If the perithecia were efficiently suppressed, 
tliere was too much host injury. In mixtures with bordeniux, 3-2 -50, 
dicalcium arsenito seemed slightly less elfective than monocalcium 
arsenito. Such mixtures as copper sulphate, three-fourths of 1 percent, 
lime, one-half of 1 jiercent, and monocalcium arsenite, one-half of 1 
percent, gave good suppression of the perithecia, without severe host 
injury. Similar results were obtained by reducing the monocalcium 
arsenite to one-fourth of 1 percent, and adding the less soluble zinc or 
tricalcium arsenite, 1 percent. The development of perithecia in the 
untreated leaves w^as less abundant than usual. 

Discussion .—The earlier experiments showed that the commonly 
used protectant fungicides that were tried have little value for the 
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purpose in view. Various chemical agents known to bo toxic to fungi 
or other plants were then tested. Arsenites were found to bo highly 
elfectivc' in suppressing the peritheciii; but tliey w(ue objectionably 
injurious to the host and had unsatisfactory physical properties when 
used alone oj- with the spray supplements tried. Mixtures of certain 
arsenites and bordoaux were the most promising materials tested. 
They were found to be highly elfectivc against the fungus, good in 
physical properties, less injurious to the host than arsenites used alone 
at elfective concentrations, and comparatively cheap. Arsenites of a 
wide range of solubility are available, and it was early apparent that 
the toxic properties of copper sulphatc-lime-arsenite mixtures could 
be varied through a wide range by suitable choice of the arsenito and 
modifications in the concentrations and proportions of the ingredients. 

FURTHER EXPERIMENTS ON FALL SPRAYING, 1931-36 

The earlier work having demonstrated that a fall application of a 
suitable spray may be highly effective in preventing the development 
of perithecia of the scab pathogen, attention was next directed to a 
more intensive study of tlie comparative values of some of the more 
promising materials. 

COMI'AUISON OF FuNCiK'IDAL MATERIALS 
MATERIALS AND METHODS 

Arsenical compounds ,—All the arseni(‘al (‘ompounds used, which 
were obtained from commercial companies, were linel.y ground, usually 
being capable of passage through a HOO-mesh sieve. Results of analy¬ 
ses ^ made according to the methods of the Association of Official 
Agricultural Clumiists (1) are shown in table 1, with records of the 
years in which the several compounds w(U‘e useil and the symbols by 
which they are designated, for brevity, in (he spray formulas. The ptu'- 
cont of moisture is based on the original air-dry samples; that of each 
water-soluble and total arsenic, on the oven-dry (110° C.) samples. 

' 1 'able 1 .— Moidtirc^ irdler-Holuhlc arsenic^ and total arsenic content of arsenical 
compounds used in the expa imcnls of Uhil HO 
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Copal_ 

4.3 

.96 

27.96 

1931-32 

P G. 

.3 

.15 

67.48 

1933 

lai. 

4.2 

2.42 

39.22 

1934 

lal. 

6.6 

2.99 

41.60 

1933-34 

Lai. 

.3 

2.93 

42.71 

1933-34 

Mai. 

4.2 

42.35 

74.47 

1931 

2 Caa. 




1932 

2 Caa.- 




1933 

2 Caa. 

.6 

* 12.83 

» 60.61 

1931 

3 Caa. 





I For the sa ke of brevity these symbols are used in the spray formulas. 2 Expressed as AsaOt. 
j’Theae determinations were made by C. N. Clayton under the supervision of Prof. V. W. Melocho. 
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Copper sulphate. —Tochnical copper sulphate crystals. 

Lime. —A lump lime containing not less tlian 99 ])ercen<. of (»iilcium 
oxide. 

Fish oi/. -Cold-pressed menhaden lish oil. 

Casein-lime. —A commercial spray supplement. 

Summer spray miscible oil. —A commercial product. 

Experimental trees. —For the applications of 1931-33, trees of either 
Plumb Cider or an unknown variety, about 20 years old, of low to 
moderate vigor and in sod, were used. For the later work, Dudley 
trees in a vigorous young orcliard, planted in 1931 and cultivated each 
year, were employed. Summer spraying of these trees was omitted, 
in order that the leaves might be severely scabbed. The work was 
centered mainly on the Plumb (^ider and Dudley varieties, because 
the previous experience had shown these to be the most difficult, of 
the varieties tested, on which to suppress perithecial development. 
The experimental conditions for suppression of the fungus were, there¬ 
fore, much more severe than wouhl ordinarily be encountered in com¬ 
mercial orchards. 

Mixing the sprays. —The required amount of a 10-percent aqueous 
solution of copper sulphate was placed in a mixing pail containing 
about three-fourths of the total volume of water, and milk of lime 
(containing 10 percent CaO) was added. The arsenical compounds, 
which had been made into a thin paste with water, were then added, 
followed by the spray supplement, if any, and the remainder of the 
vater. The mixtures were vigorously agitated immediately after 
each addition of material, and applied promptly. 

Applying the sprays. —The sprays were applied to selected branches 
by means of 0- to 8-litor hand sprayers. C^are was taken to cover all 
the leaves as thoroughly as feasible on both sides and to avoid drift 
of sprays to other experimental branches. Nearly all applications 
were made during the first week of October. The treatments were 
made on dry foliage and under conditions that permitted the spray 
to dry before rain occurred, as slow drying tends to increase host 
injury by copper-lime-arsenic mixtures. 

Overwintering the leaves, —In all the experiments reported in tables 
2 and 3, the leaves were overwintered in cloth mesh bags (fig. 1, A)j 
laid on sod in the orchard and fastened at the corners with large nails 
driven into the soil. Ordinarily from 30 to 50 leaves that showed 
abundant scab infection on the dorsal surface were placed in each 
bag, and in many cases the samples were laid down in duplicate or 
triplicate. The leaves were not allowed to overlap each other, and 
all were exposed wdth the domal surface up. In nature, the peri- 
thecia tend to be borne more abundantly on the dorsal surface. An 
examination of ovewintered Dudley leaves under natural conditions 
in the spring showed that about 7^ percent lay with the dorsal sur¬ 
face up. The overwintered experimental samples w'ere allowed to 
remain in the field in the spring as long as w as possible without undue 
deterioration of leaves or ascocarps. They were then stored dry in 
the laboratory. In the dry springs of 1934 and 1936, in order to give 
the ascocarps more favorable opportunity for development, all the 
samples were moistened with distuled water when they w^ere brought 
from the field, and held in a cool chamber for several days. 

In 1934-35, in order to determine •whether substantially different 
results might follow if the treated leaves were overwintered wdth the 
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Figure l.—zl, Apple leaves in open-niesh cloth bag ready for ovcr\Miitering, leaf and measuring device 
in position for counts of i>erittiecia, C, apple leaf showing iierithecia of Vmtuna inacqmilis at the luagiiin- 
cation (X 20) at which tnc counts wore made, />, section of a treated loaf (formula 139 of table 2) showing 
a disorganized ascocarp initial, X 425, E, section of an untreated leaf (wntrol on r» showing a normal 
I)erithecium, X 425. 

ventral surface uj), saniples from 26 different treatments were placed 
on the sod in duplicate with the dorsal surface up in one series and 
the ventral in the other. The results of the two series were closely 


405 


1 .% um KradUmit Fvngicides for Combating Apple Scab 

In 1935-30 the dovolopniont of p<»Titheria in lonvos ovorwintc'rod 
by the siarnlard inoihod was compared with that in similar leaves 
overwintered in bags laid on the surface of freshly cultivated soil. In 
both the treated and untreated samples, somewhat more perithecia 
were produced in the leaves that lay on the soil than in tlu)S(» on the 
sod. The spring of 193() being comparatively dry, the greater mois¬ 
ture accessible to leaves on the soil was beneficial to the fungus. In 
wet years, Inwever, many leaves thus exposed w’^ould disintegrate 
before the ascospores were discharged 

(h)vnting the ix^rithecia." liesults w'cre usually taken on 20 to 30 
leaves per sam})lc. Occasionally disintegration necessitated using a 
smaller number. After having been soaked in w ater for a few’^ minutes, 
the leaf was apjn’essed, weathered surface up, to a- small j)latc of glass 
and the surplus wuiter absorbed by a wad of cheesecloth. Tender the 
dissecting microscope counts were made of the visible perithecia in 
?:J-inch areas of leaf surface that bore them in greatest number. 
Crossed wires held in a rectangular brass frame that w^as laid on the 
leaf made it possible to measure the desired areas conveniently 
without duplication (tig. 1, B). Perithecia at the magnification at 
which the counts were made are shown in figure 1, C^. Identification 
of the perithecia w^as facilitated by pricking out doubtful bodies wdth 
a dissecting needle, and examining them under higher magnification if 
necessary. A disorganized ascocarp initial in a section of a treated 
leaf is illustrated in figure 1, 1), Such bodies are not visible from the 
surface, and are not included in the counts. Figure 1, Ky illustrates a 
normal ptuithecium in a section of an untreated leaf. Most of the 
samj)les were examined by more than one workc^r and without knowd- 
edge of the treatment. The results of the counts are ex})ressed as the 
average number of ])erithecia j)er sfpiare inch of leaf surface on which 
the counts were made. 

When ])erithecia occurred in leaves that had received treatments of 
comparatively high etriciency, they wwe commonly found in localized 
areas small enough to be fully inchnled in the counts. The counte<l 
perithecia of th(» controls, however, ordinarily included only a small 
percentage of the entire number visible on the leaf. Comparisons 
t)ased on the total number for the entire leaf area, therefore, would 
indicate a substantially higher degree of edfectiveness for the more 
efficient treatments than is shown by the method used. 

EN\ moNMENT.Mi <*(>N1>ITU)NS 

The develoj)ment of perithecia is greatly influencetl In environ¬ 
mental conditions, es])ecially moisture and temperature (SS). Figun* 
2 shows daily rainfall ami maximum and minimum temperatures 
recorded by the Madison station of the Ihiited States AA eather Bureau 
from September 19 to May 21, in the years 1931 30. 

Though temperature is a cardinal factor conditioning perithecial 
development, it is not ordinarily a sharply limiting one in NMsconsin. 
Moisture relations, how^ever, are of prime importance in determining 
the quantity of perithecia ])roduced. Furthermore, they exert an 
important influence on the effeediveness of the eradi(‘ant fungicidal 
treatments. Enough moisture is essential to dissolve the materials 
employed sufficiently for them to exercise their toxic effects. How ever 
too high rate of loss of the spray residues limits the eflectiveness of the 
treatments. 
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Iji 1931-32, 1933 34, uiid 1935-30 supj)rossiori of tlio ])oritliooia by 
eradicaiii sprays was niueh easier than in 1932- 33 and 1934- 35. In 
1931-32 the rainfall, thoujj:li sli^litly lieavier than averaf^e, was fairly 
evenly distributed. In 1932 33 rainfall was slightly above normal in 
the fall and nearly twice normal in the spring. Rainfall was light in 
1933- 34, and hot, dry weather in the spring was unfavorable for the 
fungus. In 1934- 35 no rain fell while the treated leaves remained on 
the trees; but over 10 inches fell during October and November and 
ample rains occurred in the spring. There were no heavy rains in 
the fall of 1935, and the following spring was comparatively dry. 

KXCKIIIMENTAL RESCLTS 

Data on the comparative effectiveness of the experimental materials 
in suppressing the development of perithecia of Venturia, inaequalis 
appear in table 2. 

Table 2.--Rinulta of fall apraijitKj (xperimcnls for supprcu.'^ion of perithecia of 
Vndnna inacgnalis, Madison^ IT/.s*., 


Jncitlence of i»erithecia in percfiil ^ of the number 3 
foninJ ui the untrented leaves of the same ^arleties 
in stated >ears 


Koimula ’ 


1. I ritreated... . 

2 ('S*. fL'- + KO!*... 

t F0>4 . 

t. (''SH iJ-t-FO' . . 

c\si-fL' I i F()>,.. . 

('SI biJi4 fo>5 . . 

7 {'SH-14-.4-F<)‘1 . - . 

S C'SI4'E't,”4“F()• I . . _ 

('SI't f-L fneuf 
10 ('SO . f-Ll-f-FO. 

11. ('SO .FL*m+FO»h- . , . 

12. OSM4-L'^4 + (':ii O* |-F()'... 
l.{ (’S<44 14.- f-('fii 1 j-f F(>4 . 
It (’S»i M.i-f(’ai ‘s+FOK 
r>. (’S'l f 14 'f(’ai ’ •+F<)’<s, 
10 ('^ ^ f 14 j-f(’ai •<4 -fFO' . . 
17. (’S*5t4l4i(i4 (’ill '*k 4F()^ 
IS. ('S44I4IS 1 ('ai M4F()4. 
lU. ('S'l f I4is4(4ii 's4-F()i4, 
*20 <'S44-LO.-f('ai '^4FOl1. 

21 ('S'i4-I4,-,4('ni U fFO'^ 

22 (’.>4 f 14 , K'ai 4fF(>*u. 
21 ('S1414 f('iii * -4-F() -H _ . 
21 ('.SI-biJd-Orir's+Kl-H 

*25 ('Sl4L14('ai‘4 4 F()'k . 
*20. r.S14-I44-('jii 14-F().. 

27. ('SI f I4»-4 C'hi '-f K()» 

28. ('Sld-L-'i+Cai -sfEO' > 

20. ('S14*J.-44-C’ai 4 4F()'s . 

30. rsi-f-I4-4('Hi 'i4 F(Os.. 

31. (\m-f-f4i4-frai 

32 C'Sl f r4j4-Cai 44-FOM 

33 ('SI4“14:i+('ai 4 4 F()Im._ 
3-1. ('Si+m+Cai •'i?4-F(Oi.- - 
3.5. (’.S14I>'i«4-rai i-d-FOi . .. 
30. CSl4-L|/t4-Cai ‘s+F(m_._ 
37. OS14-I444-C'ai U4'F()-b* . 
3H. CS14-L^44-CalH4-FO^... 
3«. CBl-f Ln4-Cai U4‘FOili.„ 
40 CS14-L}^+Cai M+F0^4-.. 


1031, 

uii- 

know n 
\ariet.v 


UM) 

20 


10.0, 

IMumb 

Cider 


UK) ' 
10 


1932. ; 1933. 
Plumb Plumb 
Cider ' (’ider 


17 

21 

.1 


1(X) 

92 


71 

Mi 


12 .. 
M\ , 

20 

19 1 

20 - 


to ! 

25 
12 
17 

4 i.„ 
3 I 

9 i_ . 


100 

12*1 


129 

123 


1 


4 ; 
20 : 


1 

1 19.34, 

! 1935. 

j Dudley 

I DudJe> 

' 100 

‘ 100 

5.5 

' 

52 

i.. 

' 07 

, , 

49 


00 


16 

r. 

; "’“‘ 99 ' 

_ -- 

5 


■ ' Ih’ 


(_ 

i 0 

11 

. 

' S 


: 11 1 

i. 

; 10 1 
13 j 


: 3 1 

1 ” ' “0 


i ‘ 

1 .5 i 


! 22 ’ 


I ^ 

1 . 


0 

j ' 30' 


i- 

24 


20 

I 

S 

1 

3 

0 


> CS«coiH^r sulphate; L«llme; FO-'flsh oil; ZO-zine oxide. For explanation of other symbols .see 
table 1. The numtiers refer to the percent by weight, assuming the mixture to have the same w^ht as 
water, with the exception of fish oil, for which they refer to jieroent by volume. In preparing “neutraP* 
bordeaux, milk of lime was added in successive small amounts until the supernatant liquid, after agitation, 
no longer gave a positive potassium ferrocyanide test for copper. * T“trace. 

« The average numbers of perithecia tier square inch of untreated leaf surface examined were* 1931, un¬ 
known variety 563, Plumb cider 376; 1932, Plumb Cider 576; 1933, Plumb Cider 622; 19.34, Dudley 1,188; 
193.5, Dudley 600. See text for account of rnethoU.s. 
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Table 2 . ~R('MuU>f of fall sprai/inq experintoiia for >inpprcssi.on of pcrilltcria of 
Venlurta inacqualiSf Madison^ H'/n., IllU .id —(lontimiCMl 


liicidpiioo (.f |)(>rith(‘ci;i in perconl of Jho rmrnhir 
foijinl 111 llii* untiPutiHl It'iixps of (lie *<11,1110 viinodes 
in stated >oars 


1935, 

Dudlo.v 


(i() rsi4Ivl4-3('ai H FOd . 

(57 rsH-T4.+3Cai 14-FO's 
OS. S+FO' » 

1)9 rsi-fm-f'iif'iii 'R-fFo^ . 
70. (^S14T>M+3(\n ‘s+FOK 

71 (’SH-L'i43rtti ij+FO's. 

72 ('SI fLU-fOCui S4F()<s 
7.3 ('Sl-fLl, + 3('ai 34-f FO'.-. 

74 CSl-f-LW-fOC^jii 14F()«.. 

7.'! ('SlJ^.-fl/N-ftCai Jj+FO' > 

70 (:SPj+I/'»S+3Cai 4t+FO -v 

77. rsn+T.i^.+Zai 314FO^ . 

75 (\SJi4L‘j4>^ai I4-FO-S 
79 (’Sl-f-L14Zai 3) + F()'''s., 

SO. (\SI4-LJ-I Zai 14-FO d . 

M rSl-H.li. }-ZfU J4F0-s., 

S2. C'.S14-Ii’«4Zai «.>4FOH 
S3 rsi-fL'»4-ZJii n4F()i-.. 

St. (\SJ4Lfi4Zai 14-F()' > 

HF,, (\sl4Li-,4Zai 14F()«'. . 

SO ('SI 4LL,-f-Zai 1 j+FO'S- 
S7 ('S14Ld>4Zai 14F()l::., 

SH ('SP i 4L (neiit) f-Zan4FO' 
S9 ('SP:>+TP .4Z1 U •M4F(4 -s 
90 ('Slp.4L'j }-Zai 1-f FO'd 

91. (3SJ1 fL>^4r'0pai i/^4FO.<.. 

92 (\S-*4 4Tyi.-,4ropal Jy4F()»i 

93 ("S .^4 ('opal 14F()'»s 

94. ('S14'I>H4C''Opai l'"ii4P'()3A 
Of). (\S 14*LU4 (^'Opai 314FOJ. . 
90 CSH-Jyi/i4ropai 14F()i‘j... 
97. rS)4-LP>*Fropai ^'>4F03h. 

98 C'Sl4LP.4('opai 414P'03s. 

99 (',SH-U-.4ropal 14 F()»l. 

100 rSl4-Uli + Coi>Hi «/*.4-F()3)<. _ 

101 CSH-Li(14Copai l+FO»*2, 

102 C.sii/,fI/lti4(3opai 14F0H.. 

103. rS?'4+LH41ai ’/i+FO}1 - 

104. (3S44+Li.i4Iai H+FO^S 

105. ('S^4+LH4Iai 14'FOai,. 
lOfi. nRl4*LM4-Jai i.64FOi/j . 

107. Csi4'LH'f'Iai 544FO4S_ 

108. C814-U'44-Iail+FO>yi... . 

109 CSl4-3^’(5+Iai 94+FO *>8_ 

no. 0S14-Ii]44lai 14-F'OH. 


0 L. 

IS 1 


1 

P'orniula | 







1931. 

1931, 

1932. 

1933. 

19.34, 

Dudle.v 


nil- 

know 11 
vanot .V 

Plumb 

('i<ier 

Plumb 

('kW 

Plumb 

(’Kiel 

41 ('SI 4 14n4rai 1 » fF ()‘1 



_ 

2 


12. {"'S14ly (neul ) 4rai > .H FO‘h 

43 (\siMflPMi4('ai 3t<4.F()3v . 

44 CSUt.+TJ4(’'ai •*»4F03, _ I 

- 

- 

1 

‘Xi 

r 

17 

in. ('SiL.4L<s4-("ai‘i4-FO'. 

4f{ CSl»'.+ L?),4('ai H4F()* • | 

17 ('SIL. 4 -IP/J H('ai >:-4FO'i< 1 




r 

1 

8 

48. ('S'‘4-f-Li!>42('ai ' .4F0K . 

19. ('S-M+Li:‘42C'ai n fFO'... 1 



.3 

17 

. 


.'iO. ('Sn4Li..42(’’ai 1 1 FOP. 

1 

3 . 

i 


5 ' 

51 ('S)14-rd^.42Cai ii4Fon . ' 

52. rs.}44T/'.42rai'iM4Fon . 


1 



17 i 

15 

.53 rSl + Ll+2('ai »’j 4-F()'s . ' 



' ’ 1 ! 


22 ' 

51. ('Sl+Td4-2('ai d+FOd .. 

55 ('Sl-(-Ll+2("ai l4F()3i.- - - : 

56. ('Sl + Ln42rai hfFOH 
.57. C'S14I4H2Cai •‘s4F()'*v 

! 


1 

2 

11 

17 

58. CS14L^»4-2t'ai k’4FO‘s . 

1 

j 


1 


59. CS3»4L1 •4:K'ru i'i4FO''s ; 

00. rS?»4Id •43('ai n4FO' ■ 



.5 ' 





0 

_ 

11 , 

01. rs^l flP .4:i^’ai 14F()' • 

02 C'S<1 fIy'-. 43 ('aMK 4 F()'; . . ; 

1 

.1 ' 

! 

... 

; ' 

03 C'S'I f-Li .4-‘i('!ni P.-l- F()'< 

04 ('Sl-fLH-'3('ai':.-4 F()'’s.. 



0 


1.1 

05. rS14LU3('ai dd FOd 



4 

1 ! 



12 

1 


21 

21 


20 


1 


t 2 

10 



! 

. 



14 



1 



10 



j ! 



34 


. 




19 



1 


3 

23 


I 




42 



' 



42 

- 


! _ 


0 

20 



- 

- 



42 






"o ' 

13 


2 


* 


0 

20 







34 



- 

. 



1 40 





_ 


1 *^7 







54 




_ 



; 20 



. _ 

_ 


1 

49 






1 

1 

27 




-- 

'^’1 

31 
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Table 2 . —Pesulfa of fall spraying experiment a for h up pie anion of perithecia of 
Vcnturia inaequalis, Madiaon^ TrZii., if)3f-d0 —Continued 


Forinuhi 


111 rsi+L'.'.-l-lai 

112 rsi-f- JP.H-lai l + FOli* 

nil rsii2+L‘H+isii 1 


I 

I Incidence of r)erltheciH in percent, of the number 
i found in lire untreated leaves of the same varieties 
! in stated years 

i 


I 1931, 

; un- 
: knoun 
i variety 


1931, 1 1932. 
Plumb 1 Plumb 
Cider I Cider 


I 


1933. 
Plumb I 
Cider ! 


1934, i 
Dudley ! 


1935, 

Dudley 



42 , 42 . 

12 I 32 i. 


114 (\S‘^ + L\,+ PD 

115 CSJi+L’l'}-P(J D'fFOi. 

Ilf). LH'-hPD M FO'i. 

117 (’S44-f D (neut ) f Pd ».4F()», 
IIH CSl f Ll4-Pd 14 F0‘, 

119 (\Sll2PLl I Pd >l>4 FO'i 

120 ('SI HPi4-Dai 14 -F(>»l' 

121 (\<14TP ,4Lal 14-F<H'.. 

122 (’-SI 4 Di.,-4bai l-f-Fd’v 

123 CSC .-fPMn + i.ai l + hO'v. 

121 ('SM'j4-L'H+Eai I fFd'v 

125 ('SI 41.'rf Mai ’ i-f-FO's 
I2(i CSI4-Ld 1 Mm ^<s4 Fdiv 
127 CSi I-IS,-I Mai '‘.4 FO ‘s.. 

I2h ('SI 4 IS .4 Mai ^ 4 Fd‘s 


i I 41 ! . i 

'I' ' 2 I 30 1 

! ' Kfi i ' ! 

13 

-! - ^ i (*3 ^ 

,- - ! ! 70 

; ‘ 13 32 , 

- . - . - 3() . ! 

22 i 

' U . 


3 

1 h 


129 CS*, MS . 1 2 ('aa 14 FO' v 

130 ('sS-l IS- 4 2 ('aa I' - f FO-s 
131. ('S14 IS 42 ('aa 14-Fd', 

132 CSI , IS.*42 Caa I 4 Fd'v 
I t3 ('SI 1 -lS ,4 2 ('aa I 1 FOi'< 

I d ('SI -4 L (riout )4 2 ('a.i 14 K>' 
l.{5 ('SI'.. 4 LI F2 ('aa 1 4 FO’^ 


0 4 19 

9 
40 
K 
13 
22 
34 


130 ('.s', I TS.'4 3('aa I 4 Fo'l' 


34 


1 i7 ('S‘,4ISv4('ai'ifZai '-4 Fd'- 
13S CSI 4 4lSi.-i-('!ii ' ,4 Zmi ‘,.F()|.. 
139 ('N-, 4 IS ■ 4(’ai i 4 -f/ai I ' !'()•>, 

1 10 ('S', 41S '.4-(^u 'MZaiI F(»K 
HJ C.‘'14L14C:il *1 fZai ‘.-1 Fd'K. 
142 ('SI f LI |~('ai ',4 Zal ‘,4F()'4 
IH CSI MS F(’ai',4Zai I4-F<>'4 - 
111 ('SM LI 4('ai ' .-t-Zai ' - 4 Fd', 
115 ('S14 L',4('ai ' ,4Zai‘-+Fd4. 
110 ('SI 4 L',4-('}ii 4-Zai i, f-K)'>v 
147 ('S 14 L‘44('ai ', FZai 1 t Fd‘^ 
lls ('S14L-', 4Cai 'j4Zai ' _■ f Fd', 

149 ('SI 4-L', 1 ('ai 1 -4 Zai 14Fd‘, 

150 ('SI 4 IS .4 ('ai ' , 4 Zai ', 4 Fd'v 

151 ('SI MS . 1 ('ai ' H Zai ' • 1 FO'.. 

152 (’SI MS .4 ('ai ‘,4Zai ', 4-Fd-v 

153 ('SI MS.. 4 Cai ', 4Zai I 4 l‘ d -v 
151. CS1-4-1S ,f('’ui 'v4ZMi -i Fd'‘j 
I55 <'SI4-1S , 4('iii H I Zai ',4 F(>» • 
1.50 ('S 14 ISN 4 ('ill I Zai i.4-Fd'j . 
157 ('SI 4 -IS ,4 (bu ‘MZai t Fd'v 
I5H CSI 4 IS ,4-('5I1 »,4-Zai H F()><. 
1.59. ('SH-TS‘,4('u» ‘s4-Zai *, i Fd'- 

100 ('SI 4T.‘:i4-Cni '.>4 Zai >'-4 FO'.* 

101 (’SI 4 m4-Cai ',-4 Zai ',4-FO‘v- 
102 . ('Sl-j-L"'io4"(^ai 1,4'Zai i 4 F(S'}, . 
10.4 CSl + l.d 4 -(^ii tv+Zai '.,4-F()H 
104 CSI 4IS,,4-('ai >h 4 -Ziii '-MFO-'k 
105. ('Sl-i-TS.,4-('aHs-|-Zal '.,4-Fd'- 
100 ('si4-Lii4-('a« 'K4-Zai 14'Fd«v . 
107 C'Sl- 4 IS 44 -('ai 1 , fZai 'H VOK . 
lOH ('SI 4LD4-('ai ' 44 Zai 'j PFO'-. 
109. ('SI 4 -IS, 4 ('ai ‘ r4-Zai ■*.! 4 Fd':;. 

170 ('Sl4IS,f('ai ' ,pZui 1 4 F(>’^ 

171 ('Sl41S,4-Cai »s4Zai 1. | F(P . 

172. (’SI flSj+C'ai 'KfZai •'» t FO' . 

173. ('SI4-lS4+('ai DfZai ‘j4 FO' • 

174. ('S14-L?:.4-Oai ^-PZai J’j4Fd'.. 

175. ('Sl4-LU.4-(’fli D4-Zai 14-FO‘.. 
170. CSl4-LU4-Cui D+Zai 'H-FO-H . 

177. rsi4‘L^4-("ai h4-Zai 14-F()Pi,„ 

178. CSIH+Ll+Cui h+Zai H+FO‘>4- 



5 0 

12 1 

0 

11 

13 

J7 0 

0 T 

0 

0 

I 


10 

0 

0 

0 ' 1 
9 

‘ 9 



0 

T 

T I 
0 

0 I 


(*1 I 
0 

T ' 
0 I 

(I > 
0 . 


33 . 
2(1 . 
IS 

22 . 
S I 
0 


0 

0 


1 
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Table 2.-—Results of fall spraying experitnents for suppression of perilhecia of 
Veniuria inaequalis, Madisoyif 1931-^'^f }—Contimied 


I Incidence of perilhecia in percent of the nuinlior 
found in the untreated leaves of the same varieties 
in stateil years 


Formula 


179 CSlh+Ll+rai M+Zai . 

180. CSn/i+Ll+Cai M+Zai 14-FO?s_ 

181 CSli/'i+L4i+('!Hi li-\-Zm J.4+F()H. 

182. CSli^+L46+nai H+Zal i’:i+FOH_ 

18;L rslh+L-H+rai V4+Ztti^i+FO'-'t< 

184. CSU^j+LH+Cai 4<i+Zai h>+FO^'K 
185 CSl+TJ+Cni U'+ZOi:.4-FO}{.._ ... 

18«. CS44+Lh+Cai U+(\)pai K>+FOiij 

187. CSl+Td4-rai >i-t-Copai ‘'>+FO'i4 - 

188. CSl-fLiv+C'ai M+Copal V.+FOK*- 

189. CSl-i-l^''ti4-f"''ai h+f'opai Vj-j-FOi 

190. CSl+T4i+rai Vt^+Copai l^ + FOH. 

191. CSl+Li,.1+f'ai Is+Copai 4-HF()h. 

192. CSl-f Cai ’v+Copai ‘‘4-j-FOj2. 

193. C81-fLi4+rai Jt^+Cojaii I + FOli 

194. CSl-f"T.»| i-KC^al ]i •j-Copai m^FO-K. 

195. C-Sl+m+rai i4-fCor»ai V^-fFO? 

19«. CSl4-l^'44-Cai h + Copai 4»+FO».'j 

197. CSl+L»4+(hvi V4+Copai 14 -FO'*h- 

198. CSl-i-IJ/^4•Cal ^/44'("''Opai ‘‘HFCHj. 

199. CSl+lJ,'.+(’ai i4 + (^pai l-fFO« 

200. CSl+Lli,+Cai V4-fropai JiH-FOJlj. 

, 201. CSl+I.}<i+CaU4 + Copai 14-FOI2- 

202. CS-U+Jdii+t-ai Vj+lai 4',+FOK'-- 

203. CSl+Lh+Cai }4 + lai ^U + FOti.... 

204. CSl+Lh+rai ij^+Tai h+FO^..., 

205. CHl+TiU-hCai ih4Iai l6+FO>s 
200 C^il+LM+Cai m-Iai FOV.-... 

207 rsn-LM+rai i>4+lai l-i-FOl... .. 

208. r.Sl-1-L’i+Cai U+Tai )4+F()^>^ 

209 r.Sl + Lli+Cai 14+lai h4 FO> 

210. r.^]4-L!44-Cai 14 4-Tai *^4 4 FOi 

211. C^Sl-f-LM4-Cai 14-f-Tai 1 fFO'K 

212. CSll'i4-l/)i<4-t'ai '4 4'lai Ju+FO/k 
213 C\m+L»4+Cai ‘4+Lni Lj+FO-»h. 

214. ()81+Ll4 frai is4Lai •‘4 4 -FOi<2 .. 

215 rsl4-L> 1 fCai i44Lai i4-4FO«<Ci. 

210. CS14-Li4+CaJ t44'Lai h+FO’.-.. 

217. C814-L‘4+rai 14+Lai IfFO' 

218. (\SH4+Lk4-(^ai ] »+2Cai 1 fFO'>i 

219. CS^4'14''i-l-Cai t,4-3Cai 1+FO'it 

220. CS-M4-LH+Cai ’,4+2 Caa 1+FOH 

221. CSl+Ll+Cai i4+2Catt 1+F04i, . 

222. CSl+Ll+Cai h+2Caa K'+F(>n_ 

22:1. CS:?4+Lk»+(’ai H+3(:aa l+FO>^_ 

224. (\S'i4+Lt‘i+2 Caa l+PG H+F()5s 

225. CSl+LM8+2Caa 1+Zal H+FO->^ 

220. rsl+LH+2Caa Vii+Zai 1+F0^4 

227. CSl+L}i+2Caai>4+Zai «4+F04+ —. 

228. CSl+LH+Copai U+Iai y>+¥OU> . 

229 Crtl+Lt4+Copai t.+lai ^'j+FO»2_ 

'230. CS^4+LH+Cai H+Zai ;.:i+Copai J'i+FO)6 
231. CSl+Ll+Cai H+Zai H+Copai •*9+FO-l4- 
2:12. rsl+Ll+Cai M+Zai J^ij+Copai ’/*+F044 
2.33. CSl+L>4+Cai ^4+Zai -ts+C^opai ‘M+FO-?s. 
Z34. CSl+L+4+(’ai 3^4+Zai ?‘i+Copai +j+FO -)4 

23.5, CSl+Ltj+Cai U+Zai iis+Copai •)^«+FO^t.. 
2.T.. CSl+L’/i+Oai M+Zai k>+Copai k+FO>9- 

237. CSl+m+Cai k+Zai 4t.+Copai ?9+FOk- 

238. CSl+LH+Cai U+Zai k+Cupai h+FOH- 

239. CSlk+H+Cai k+Zai k+Copai k+FO^fe 

240. C81+LJi>+Cai k+ZOk+Copai k+FO-*^. 

241. C8J4-Lk+2Cai •>s+Zai k+FOk>.. 

242. CSl+L’.i+SCui k+Zai -k+FOk. 

243. CSl+U4+3Cai k+Zui l+FO^. 

244. CSl+LH+aCai ^ti+Zai k+FO+j_ 

24.5. CSl+LM+30ai k+Zai k+FOk^ 

240. CSJ+LH+3Cai ^i+Zai l+FOH- 
247. CSUHl^t5+3Cai ■>i.+Zai k+FO^A, 



1934, 

Dudley 

1935, 

Dudley 


0 


0 

29 


9 


— 

T 

12 


_ _ 

i 

10 

. 

17 


24 


14 


11 


1 

: 13 

. 

1 12 



5 

3 

. _ . 

1 

1 


T 

2 

1 ^ 


10 

. 

1 29 


1 19 

:: 

I 


20 


! 0 


; Itl i 

- -- 

' 10 


1 10 


10 

i 

22 


12 

i' I i 

' 1 

i 

-I" -..-I 

! 

i;;;- i 

1 -. 1 

i ' 29* 

;. 

i 


1 

T 

'T 


1 


j 

T 


2 

9 

1 

3 

0 


T 

1 



■ — 
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Copperdime mixtures. —The 10 copper-lime formulas used in the 
c.opper-lime-arsenic mixtures were tested without the arsenical com¬ 
ponents. The results were very irregular, varying greatly from year 
to year. Occasionally a substantial reduction of penthocia was 
effected. Usually, however, it was less than 50 percent, and in some 
instances the treatments appeared to be wholly ineffective. None 
of these preparations was sulliciently effective to have promise for 
the purposes of this investigation, except for use in mixtures con¬ 
taining some other toxic component. 

Copperdime-inonocalcium arseuite mixtures. —Many of the copper- 
lime-monocalcium arsenite formulas were highly effective in suppress¬ 
ing perithecial development, but host injury was a limiting factor. 
Many modifications in the concentration and proportions of the 
ingredients were tried in the hope of finding a formula that would be 
effective enough and not too injurious. Lowering the amount of 
lime when the amounts of copper sulphate and the arsenite remained 
unchanged increased fungicidal effectiveness and host injury. For¬ 
mulas 15 and 27 are among the best of this group. The development 
of mon^ promising formulas has recently led to lessening the work on 
copper-liine-monocalciurn arsenite mixtures. 

(hpperdime-di- or tricalclum arsenite mixtures .—These mixtures gave 
H'sults very similar to those of the copper-liimwiionocalciujii arsenite 
preparations. The di- and tricalcium arsenites did not ai)pear to be 
better adapted than monocalcium arsenite for such mixtures. 

Copperdime-zinc arsenite mixtures. —Some (‘opper-lime-zim* arsenite 
mixtures showed considerable promise. The zinc arsenite, however, 
had to be used at a concentration of about 1 percent in order to 
attain a promising degree of effectiveness, and even at this strength 
these mixtures did not always satisfactorily suppress the development 
of perithecia. The preparations of this group were distinctly less 
injurious to the host than the corresponding mixtures in which the 
calcium arsenites were used. Formula 80 gave good results in 3 of the 
4 years in which it was tried. Less attention has recently been given 
to formulas of this group, since others have seemed to offer more 
promise. 

Copperdirne-copper arsenite m Ixtures. — The results from coppor- 
lime-copper ai*senite mixtures seemed very promising in 1933-34, but 
were disappointing in the following year. Preparations containing, 
less than 1 percent of copper arsenite seemed to bo of comparatively 
little value. The low-lime mixtures were more efficient than like 
formulas with higher lime components. Formulas 9(), 99, and 101 
are among the more promising of this group. These preparations 
were less injurious to the host than the coriesponding mixtures in 
which calcium or zinc arsenites were used. 

Cofperdirnedron arsenite mixtures. —The results from the copper- 
linie-iron arsenite mixtures were very similar to those from the corre¬ 
sponding preparations in which copper arsenite was used, but in 
general show^ed somewhat loss effectiveness against the fungus. 

Copperdime*paris-green m ixtures. —The copper-lime-paris-green mix¬ 
tures seemed to be the least promising of the copper-lime-arsenite 
preparations thus far discussed. 

Copperdimedead arsenite -Copper-liine-lead ai-senite mix¬ 

tures were not sufficiently effective to be of promise. 
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Copper4mf-ma(j7ieslum anenite muiures. -ThQ results from copper- 
lime-ma^nesium arseriite mixtures were similar to those from corre¬ 
sponding preparations in which monocaleium arsenite was used. 
There was no evidence that magnesium arsenite is better adapted 
for the ])urposes of the experiments than the calcium arsenite. 

Copper-1 Ime-di- or iri-calciuni arsenate mixtures ,—The copper-limo- 
dicalcium arsenate mixtures substantially reduced perithecial develop¬ 
ment with comparatively little host injury, but they did not appear 
to be sufficiently effective for the purpose. Substitution of the tri- 
for the di-calcium arsenate substantially lessened effectiveness 
against the fungus. 

Copper-lime-monocalcinm and zinc arsenite ■ -This group, 

in which both a highly soluble and a slightly soluble arsenite are 
used, contains some of the most promising preparations found in this 
study. Formula Kff) gave almost perfect suppression of the peri- 
thecia in each of the 3 years it was used, but host, injury occurred to 
an objectionable degree. Formula 144 gave good control of the fun¬ 
gus in the 2 years it was tried, with less host injury. Formulas 153, 
168, 160, and 170 were all highly effective against the fungus, but 
caused some injury. In a single year’s trial formulas 179 and ISO 
were highly effective and caused only very slight host injury. Further 
experiments are necessary Ixdore conclusions can be reached as to 
the relative merits of formulas in this group and whether such mixtures 
can be recommended for use in orchard ])ractice. 

Copper-linie-monocalcmm arsenite and zinc oxide mixtnre- In a 
single trial, formula ISo sui)])ressed the fungus satisfa(*torily without 
objectionable host injury. Further (‘xperimentation will be nfx*es- 
sarv for evaluating this type of preparation. 

Copper-lirne-monocalcium and copper arsenite Preparations 

in this group gave results similar to thos(‘ from the corn'sponding 
mixtures in which zinc arsenite was used (formulas 1(S7, 106, and 107), 
but the supi)rcssion of perithecia tended to be h'ss and host injury 
was about the same. 

Copper-lime-inonocalcinm and other arsenite mixtures .— Iron or lead 
arsenite seemed less promising than zinc or (‘opptu* arsenite for addi¬ 
tion to coj)per-lime-monocalcium arsenite mixtures. 

Certain miscellaneous mixtures. -While certain miscellaneous mix¬ 
tures (formulas 210, 220, 226, and 227) caused a substantial reduction 
in development of perithecia, they seem to be less promising than 
many other formulas. 

Copper4me-monocalciumj zinc, and copper arsenite mijiures .—In 
1 year’s tests, certain of thcvse preparations containing three arsenites 
were lughly effective in suppi’essing the perithecia, and formulas 232, 
233, and 234 caused comparatively little injury. However, it seems 
unlikely that mixtures in this group have as much promise as the cop- 
per-lime-monocalcium and zinc arsenite preparations (e. g,, formulas 
143 and 144). 

Copper-lime-di- or tri-calcium and zinc arsenite mixtures. —These 
preparations, whi(*h were tried only in 1033, a year in whi(*h suppres¬ 
sion of the perith(‘cia was comparatively easy, seem less promis¬ 
ing than c()rres[)on(ling mixtures in which monocalcium arsenite 
was used. 
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Discussion .—The comparative effectiveness of the several types of 
formula used has been briefly discussed in the foregoing paragraphs. 
The residts presented show that it is possible, even under very severe 
conditions of scab development, to reduce the ascigerous stage of the 
pathogen to a very low level in leaves that are thoroughly sprayed in 
the fall with suitable eradi(‘4int fungicides, ascospore production hav¬ 
ing been completely suppressed in many individual expeiirnents. 
These small-scale experiments, however, ha^dng been designed 
chiefly for surveying the comparative effectiveness of many formulas 
for su])])ressing the fungus, leave for further investigation numerous 
(juestions relating to the possible adaptation of fall spraying as a 
j)ractical measure for ap])le-scab control. Some of these are considered 
l)elow. 

Variations i\ Timk ok Application of Spray 

In 34, 1934-35, and 1935~3() a series of experiments was per¬ 
formed to gain data on the relation of time of application to the 
effectiveness of the' s])rays against the fungus and their injuriousness 
to the host. Beginning in late September, applications were made on 
young Dudky and Northwestern Greening trees (set in the orchard in 
1931) at intervals of about 1 week by means of a wheelbarrow sprayer. 
One or two trees of each variety were gi\en each individual treatment, 
none being sprayial more than once. Samples of leaves were picked 
and ])laced for overwintering on the following dates: 1933, from first 
and se(‘on(l a])])licalions, October 19; from third application, October 
24; 1934, from first and s(*(‘ond, October 17; third, October 22; 1935, 
from all a])i)li(‘a.tions, heaves ])icked October 19 and laid on sod October 
25, Th(‘ usual methods of overwintering the leaves and taking data 
were follow ed. The re.sults relating to supj)ression of perithocia appear 
in tal)l(* 3. 

The variations in time of application employed in these experiments 
showed no striking or consistent influence on either the effectiveness 
of the s[)rays in suppressing the development of perithocia or their 
injuriousness to the host. In 1933-34 the perithecia were so effec¬ 
tively sup|)ressed by all applications that no substantial differences in 
effectiven(‘ss in relation to the time of application could be observed. 
There was little injury from any of the treatments. In 1934-35 
suppression of the ])erithecia was unsatisfactory. With the aim of 
lessening the danger of host injury, the formulas were weakened in a 
season that proved to he unusually favorable for fungus development. 
Tmler the conditions encountered, the latest date of application was 
the most effective and the intermediate liate the least effective. 
It .siHuns more probable that these differences are due chiefly to rela¬ 
tions of time of application to rain periods than that they are attribu¬ 
table to the stage of development of host or parasite. There was 
little injury from any of the treatments. In 1935 30 the latest appli- 
nition appeared to be slightly more effective than the others. Winter 
injury in this season w as so severe that it interfered with interpretation 
of results of spray injury. No consistent relation between time of 
application and host injury was noted. 

While these data are too limited to be conclusive, they suggest the 
desirability of <lelaying the applications as long as feasible without too 
mu<‘h leaf fall. 

VR-S.-L • 17 — 
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Table 3. —Effects of variations in the time of application of fall sprays on their effi- 
ciency in suppressing perUhecia of Venturia inaequaliSy Madison Wis,y 



Incidence of perithecia in leaves sprayed at stated dates 
in percent * of the numbers found in the untreated 
leaves 

Year and formula i 




t 





Dudley 


Northwestern Greening 


Sept. 21 

Sept. 29 

Oct. 13 

Sept. 21 

Sept. 29 

Oct. 13 

1933-34 







1 . lYitreated. .. 

100 

100 

100 

100 

100 

100 

37. rsi+LV4+CaiU+FOH__ 

1 

0 

0 

1 

0 

10 

38. rSH-LM+raDA+F03-6.. 

1 

0 

I 

0 

2 

3 

4r>. .. 

1 

1 

0 

0 

0 

1 

m. ('Sl + I444-GaiH4-ZaiK*+FOJ.ii __ 

0 

0 

0 

0 

1 

1 

m. CSH-LM+CaiM+ZaD-t-fFO^a_ 

0 

0 

0 

0 

0 

2 

370. CSH-LM+CaUi+Zail-fFO'i^_ 

0 

0 

0 

0 

0 

0 

172. rsi-f-Ln+rai-’li-f-Zai'M+FOl^_ 

3 

0 

0 

0 

0 

0 

183. _ 

2 1 

0 

0 

0 

0 

0 


Sept. 24 

Oct. 8 

Oct. 22 

Sept. 24 

Oct. 8 

Oct. 22 

1934-35 







3. Untreated. 

300 

100 

100 

KK) 

100 

100 

96. (\S1 -f LV4 4-Coimi+F0K'. 

11 

23 

13 

19 

99 

17 

107. GSI4L^4+laivM-fF<)G:i.. 

16 

46 

3 

11 

47 

12 

16. }-Jjm-raiV{*-fFCH6.. 

11 

28 

7 

10 

93 

16 

191. GSl l-LD-fUai^ii+Copaih+FOH---. 

24 

61 

2 

30 

43 

4 

206. (l-bLD+Uai 16-fTai’^4-F0^6. 

16 

27 

12 

f> 

6 K 

17 

164. CSl+L} 1 •l-raUk+ZaiJ.^i+FO)^. 

12 

42 

11 

30 

39 

22 


Sept. 23 

Oct. 6 

i 

Oct. 10 

S(*pt. 23 

Oct 5 

Oct. 10 

193.5-36 







1 . Untreated.... 

300 

100 

100 

100 

KKl 

100 

26. (’S14 Ul f UaiiJ i"bFO'’ti.-.. 

32 

14 

0 

1 

1 

1 

14,3. Cfc51+LH-Gai^4-f-Zail-f-F054. 

2 

2 

1 

1 

2 

1 

236. CSl+UH-f('aii4 fZaib>fCopailv+FO's.. 

0 

3 

0 

1 

0 

T 

397. CSl-f-LDd-UaiVi+ropail+FO?^. 

4 


T 

26 

1 

T 

2 


1 For explanation of symbols used see footnote J, table 2. 

2 T=Trace. 

3 The averaRe numbers of poritbeem i^er s<juare inch of untreated leaf surface examined w ere Dudley 

1003, Northwestern OreeninR370. 1034, Dudley 403, Northwestern tlrcening 214,1936, Dudley 60l>, North¬ 
western Greening 3G1. 

Si’KAY Injury Tksts Under Orchard Conditions 

Extensive data on spray injury were taken in connection w'ith the 
small-scale experiments on suppression of perithecia. However, the 
conditions of most of these experiments were so unsatisfactory for 
injuiy studies that the results relating thereto will not be given in 
detail. While more extensive studies on injury must await further 
narrowing of the problem, some experiments have been initiated, as 
reported below. 

Thirteen different copper-lime-arsenic formulas (nos. 15, 24, 39, 80, 
95, 107, 143, 164, 169, 170, 191, 197, and 205 of table 2) were applied 
during the first half of October by power sprayers to orchard trees of 
eight apple varieties (Wealthy, McIntosh, McMahon, Northwestern 
Greening, Fameuse, Ijowland Raspberry, Dudley, and Yellow Trans¬ 
parent) in 40 treatments at Sturgeon Bay, Gays Mills, or Madison 
during the period from 1932-33 to 1935-36, inclusive. One or several 
trees were used per treatment. Examination was made for leaf injury 
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about 1 or 2 weeks after the sprays were applied and for bud injury 
the following spring. No drastic leaf injury was observed, except in 
one case when showery weather prevented prompt drying of the 
sprays. Observation of the sprayed and unsprayed trees in the spring 
revealed no evidence of significant spray injury to the buds. Counts 
relating to bud injury were made only on Wealthy at Madison. 
These revealed no significant difference between the sprayed and 
unsprayed trees, except possibly for formula 89 in 1935-36. In this 
case the untreated trees show^ed 2 percent and the sprayed 10 percent 
of dead terminal buds. Winter injury affected both sprayed and 
un^irayed trees this year. 

These results, though encouraging, are not interpreted as establish¬ 
ing the safety of these fonnulas for geiu^ral use as fall sprays for apples. 

Kkfe<'T8 of Kkadk’ant Spuayino on the Epidemiology of Scab 

The work thus far reported seems to indicate substantial possi¬ 
bilities for the development of a fall spray treatment capable of 
reducing the ascosporic inoculum to the neighborliood of 1 percent, 
or less, of that from similar untreated leaves. The effects of such 
reductions on the epidemiology and control of the disease remain to 
be considered. Only a small beginning has been made in experi¬ 
mentation in this important field. Studies of the effects of certain 
fall spray treatments on the development of the disease in the follow¬ 
ing year were begun at Madison in 1934. A brief report of the 
])rogress of this work follow’s: 

(Irchard no. 1 of figure 3, set in 1930, received the fall sprays. 
Orchard no. 2, set in 1931, was untreated. Both orchards wore 
vigorous. Neither received summer sprays. Cultivation of both 
was postponed until ascospore discharge was over. 

KXPKJIIMENT OF UW4--35 

On October 9, 1934, all of orchard no. 1 was sprayed by means of 
a pow er machine, formulas 191, 164, and 205 of table 2 being used on 
(liircrent subplots. 

The environment in fall, winter, and spring w^as favorable for 
overwintering of the fungus. Examinations in the spring showed 
that the sprayed orchard was very nearly free from perithecia of 
the scab fungus, whereas a fair amount of ascosporic inoculum had 
developed in the unsjirayed. Ascospores were mature by the time 
the leaf buds oj)ened, and several days of rain and low'^ temperature 
atforded favorable conditions for early infection (tig. 4). Scab 
lesions were first observed on May 29, when a wave of disease began 
to appear. Rains in flune and July permitted further infection 
periods, and the season w^as generally favorable for si*ab development. 

Comparative data on scab development in the two orchards appear 
in tables 4 and 5. The results shown in table 4 indicate that through 
the month of June reduction of scab infection in the sprayed orchard 
was not less than 90 percent. The sprayed Wealthy block show-ed 
92 percent scab-free fruit on June 24, as compared witli 48 percent 
from the unsprayed (table 5). At harvest <S9 percent of the fruit 
from the sprayed block wuis free of scab, while the unsprayed bloi'k 
bad insufficient fruit for counts at that time. 




the se\er<il plots reeoi»l the nirnt'er of tree- 
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Tahkk ‘1.- - Ejfrds of fall }<(iraifhi(f with eradicant fungiadoi^ onjhc development of 
apple acah in (he folio win q tieaaonj Afadisony I17.s*., JOd4 dn and- tOdPt'HO 




Orchard no 1, 

Orchard no. 2, 

Ilecreaso 



sprayed > 

iinsprayed 

in dis- 







ease in 

Year, varMy, and date 

Counts made on— 

Total 

units 

exam¬ 

ined 

A verage 
lesions 
jier unit 

Total 

units 

exam¬ 

ined 

A verage 
lesions 
per unit 

orchard 1 
as com¬ 
pared 
with or¬ 
chard 2 

193i-35 







Weilthy: 


Number 

Number 

Number 

N umber 

Percent 

May 31-- 

Fruit spurs (leaf lesions)- 

500 

0 078 

250 

1 708 

96 


Fruit... 

270 

.42 

113 

4 50 

91 

June 29 - _ 

Leaves ol terminal shoots_ 

283 

.62 

274 

1 8 

89 

Northwestern Greening, 
June 29. 

do .. 

293 

.72 

282 

18 0 

96 



1935-36 







Wealthy, June 2___ 

... do___ 

2.675 

.007 

1,839 

. 648 

99 

Northwestern Greening, 

.do__- - 

1,219 

.047 

1,230 

.832 

94 

Juno 4. 

Wealthy, June 6_ 

_do... - --- 

3,042 

.48 

2, 387 

3.67 

87 

Northwestern Greening, 

.do--- 

1.450 

.71 

1,464 

4 8S 

85 

July 9. 

Wealthy: 




i 



Julv 10. 

Fruit. 

200 

.075 

2fX) 

.57 

87 

Sept. 2.— 

.do.-__ _ 

1,334 

1 93 

718 

7.79 

75 


» Orchard no. 1 sprayed in 3 subplots on Ocl 9,1934, with formulas nos. 191, 191, and 205 of table 2; on Oct 
9,1935, with formuhivS nos. 39,143, and 152 (modified to contain rinc arsenite at bj of 1 pc'rcent) Xo .suiniiuT 
spray was applied to either orchard 


Table 5. —Effeels of fall spraying with erndieaut fangieides on the development of 
apple scab in the following seasoUy MadisoHy 1177*., and 19HP)~30 


Orchard no 1, 
sprajed i 


Orchard no 2, 
unspra.\e»l 


Year, variety, and dale 


(''ounts made on 


'Fotal 

units 

exam¬ 

ined 


Tnlts 
free of 
scab 


Total 

units 

exam¬ 

ined 


Ynits 
free of 
sea b 


1934- 35 

Wealthy 

.June 24.. . . * 

June 29.. 

Noithwestern Oreeniii};, June29 .. 
Wealthy, Sept. 4. 

1935- 30 


Fruit_ - 

Terminal .shoots (leaf lesionsj. ,| 

. do - _ ' 

Fruit... -. 


Number 

279 

29 

20 

320 


Percent 

92 

45 

50 

89 


Wealthy, June 2.... 

Northwestern Oreemng, Juno 4_ 

Wealthy: 

Junes...-. 

July 6... 

Northwestern Oreening, July 9_ 

Wealthy: 

July 10.- 

Sept. 2. 


Terminal .shoots (leaf lesions) . 

_do.. . . 

Fruit.-.. 

Terminal shoots (leaf lesions) . 

_do... 

Fruit..... 

do.... 


207 

1(K) 

100 

207 

100 

200 
1,334 


95 

00 

1(K) 

17 

11 

97 

45 


Number 

113 

20 

20 




Percent 

4K 

0 

0 


15fi 

100 

100 

150 

JtM) 

200 

718 


3 

1 

97 

0 

0 


1 


1 Orchard no. 1 sprayed in 3 subplots on Oct. 9, 1034, with formulas nos. 104, 191, and 205 of table 2; on 
Oct. 9, 1935, w'ith formulas nos. 39, 143, and 152 (modified to contain zinc arsenite at H of 1 percent. No 
summer spray was applied to either orchard. 

2 No fruit available for counts. 

Experiments of 1935-36 


On October 9 all of orchard no. 1 was sprayed, formulas 39, 143, 
and 152 (modified to contain zinc arsenite, one-half of 1 percent) of 
table 2 being used on different subplots. Orchard no. 2 was un- 
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sprayed, e\c*o])t. the Yellow Transparoiii bloek, which was j^iven ih(‘. 
same treatments as orchard no. 1 in order to increase the distance 
tietween that orchard and the source of ascosporic inoculum in the 
unsprayed orchard. 

(Conditions were generally favorable for production of perithecia 
of the fungus, although dry weather in the spring somewhat delayed 
ascospore discharge. (Counts made by the usual method showed that 
in the plots treated, respectively, with formulas 39, 143, and 152, 
Wealthy leaves averaged 3, 4, and 9 perithecia per scpiare inch of 
leaf surface examined. In the unsprayed orchard the leaves averaged 
255 perithecia per square inch of leaf surface examined for Wealthy, 
364 for Northwestern (Ireening. It appears, therefore, that produc¬ 
tion of perithecia in the sprayed orchard w as reduced by approximately 
98 percent. 

Ascospores y^ere ready for discharge by May 3. The first infection 
period occurred May 9-11 (fig. 5), and scab lesions were first observed 
May 29. The rains of late May and June permitted moderate infec¬ 
tion. The development of the disease was sharply checked by hot, 
dry weather in July. Frequent periods of rain in August favorecl 
infection. 

Beginning June 6, the seasonal development of the disease was 
followed on 20 tagged terminal shoots on as many trees in each 
orchard. The results are shown in figure 5. 

Further comparative data on scab development in the sprayed and 
iinspraj^ed orchards appear in tables 4 and 5. The results sliown in 
table 4 indicate that through June and early duly reduction of scab in 
the sprayed orchard was not less than 85 percent. Wealthy fruit of 
the sprayed orchard at harvest time show^ed a reduction of 75 percent. 
On June 2, 95 percent of the Wealthy terminal shoots in the sprayed 
orchard were free from scab lesions, against 3 percent in the unsprayed 
(table 5). On July 6, 17 percent were scab-free in the sprayed 
orchard, none in the unsprayed. On June 8 all the Wealthy fruit in 
the sprayed orchard was scab-free, against 97 percent in the im- 
sprayed. At harvest 45 percent of the fruit of the sprayed orchard 
remained free from scab, against 1 percent in the unsprayed. 

When this experiment was planned it was realized that the available 
orchards were too near together to preclude the probability of passage 
of a substantial ascosporic inoculum from the unsprayed to the 
sprayed. In view of this fact, the differences in scab development 
are the more striking. 

In order to gain evidence concerning the possible influence of 
inoculum from the unsprayed orchard on disease development in the 
sprayed, tlic incidence of scab in the latter orchard was studied in 
relation to distance from the former (fig. (>). On July 6 data were 
taken on 50 Wealthv terminal shoots in each of the distance classes 
shown in figure 6. The results show' that the incidence of infection 
diminished substantially with increased distance, an average of 12 
lesions per terminal shoot occurring in the least distant class and 3 in 
the most distant. Conversely, the percent of terminal shoots free of 
scab increased with distance from 6 in the least distant class to 34 in 
the most distant. 

Exact data on the distance to which ascospores of Venturia ituie- 
gualis may be carried in the air and the relations of distance from the 
source of the ascosporic inoculum to its concentration and to the 
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>i<iT HI* <t Iiu‘uJ(‘iice of uppk* sfal* in tin* on'haul fno 1 of fip that hmvimmI a fall tr^atnif'nt in ri*la(if>n 
to distamv from (lio unsiuu.Mjd orchard (no 2>, which contutniM) an abundant ascosnonc inociilurn, Mad¬ 
ison, \V IS , 11M() 


incitlorire of infection eaiisod hy it are meaner. Ijuloiibtedly tlie 
spores inay be carried for ^reat distances in the air (-^,>). However, 
the limited evidence from the experiment that has just been reported, 
to^eth(‘r with tlieoretical conshlerations and orchard observations, 
suji;y:ests that the concentration of this air-borne inoculum and the 
iiicidence of disease that it may cause diminish rapidly with the 
distance it is carried. 


Disca S^SION 


111 the consideration of the results of the foregoinj^ experiment, 
attention is invited to the fact tliat these fall treatments were not 
desijj^ned or expected to obviate the necessity of summer spra^mi^. 
The summer sprays >\ere omitted in order that effects of fall spraying 
mi^ht be studied more advantageously. 

It should be observed that the seasonal conditions encountered in 
the course of this experiment did not favor heavy infection during the 
critifail preblossom and blossom periods. Much more work under a 
wide range ()f conditions will be necessary to arrive at an adequate 
understanding of the relations of the quaiititative level of the ascos- 
poric inoculum to the epidemiology and control of the disease. The 
limited ex])erimental data thus far obtained are in full accord with the 
eyidenco of earlier studies (16) in indicating that these relations are 
highly signilicant. 
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SoasonnI conditions nt (inys Mills/’ Wis., in IDIM and 101^/5 afTordcd 
an opportunity for certain ol)scrvations on the relations of a greatly 
reduced ascosporic inoculum to the seasonal development and control 
of scab. The extreme conditions of heat and drought in 11)34, in con¬ 
junction with efticieiit summer spraying, so reduced the incidence of 
scab that perithecia of the ])athogen were hard to find in certain large 
blocks of trees in tlie spring of 1935. The fungus, however, over¬ 
wintered at a somewhat liiglier survival level in some situations where 
the spraying had been less thorough or the local environment more 
favorable, as in certain ravines. Jn 1935 conditions of moisture and 
temperature were very favorable for scab development, until late in 
the season. AA^ith a normal ascosporic inoculum a very severe and 
difficultly controllable epidemic of scab would have been expected. 
Actually, the disease development was moderate, and control was com¬ 
paratively easy, es])ecially in certain blocks where the ascosporic inoc¬ 
ulum was known to have been very sparse. In one Dudley block in 
which the fungus was reduced to a verj^ low survival level, only 49 
percent of the unsprayed fruit sliowed scab at harvest; in a block of 
the same variety in which scab had been somewhat more prevalent 
the year before, 98 percent was scabbed. IJnsprayed McIntosh in an 
orchard in which the fungus had overwintered at a very low survival 
level had only 88 percent of the fruit scabbed and 30 percent rendered 
unmarketable because of the disease. Jn this ondiard a lime-sulphur 
program that began with the open-cluster spray reduced the percent¬ 
age of scabby fruit to 2, and a like program beginning with the calyx 
application reduced it to 17, of which three-fourths could go into the 
U. S. No. 1 grade. This experience ac(‘ords well with other data and 
with theoretical considerations in s\iggesting that a sufficient reduction 
in the ascosporic inoculum may be a potent factor in delaying and 
diminishing scab development and lessening the difficulty of its control 
by protectant sprays. 

(’JISMK’M. TuKATMBNT OF LkWK.S 0\ TUB (UiOCXO 

In situations in wiiich overw intering of Veniuria inae<jualis depends 
wholly or dominantly on production of tlie ascigerous stage, the 
period after leaf fall and before ascospore discharge is, obviously, 
a potentially vulnerable one. The fungus is then prostrate on the floor 
of the orchard. If it were as conspicuously visible as Canada thistle 
(Clrniutn arrensf (L.) Sco]).), for example, would we continue to permit 
this dangerous and expensive pest to breed year after year in our 
orchards, essentially unmolested? Considerable progress has been 
made in the development of eradicant chemical treatments for use 
against weeds. Possibilities of adapting similar methods of chemical 
eradication to the control of apple scab and some other fungus diseases 
seem to deserve consideration. 

Experiments with liquid applications of certain fertilizers that are 
known to have toxic properties and with certain weed killers have 
been initiated. In preliminary experiments in the spring of 1930, 
saturation of apple leaves as they lay on the ground by spraying 
with ammonium sulphate dissolved in w^ater at the rate of 1 pound to 
the gallon killed the ascospores that were mature and prevented the 
maturation of others. Further results from this line of work are not 
yet available. 

« Dr. J. A Finckarti collaborated in this i)art of the investiKation. 
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l*itKsKNT Status ok tiik WoiikJo\ Ai»i*uk S<?ab 

Tli(‘si* studies on apjdo scab may l )0 (‘onsidorod lirst in relation to 
the control of this distaise, and second with reference to the broader 
([uestion of the potentialities of eradicant fungicides for increased 
use against other plant diseases. The first of these aspects of the 
work is discussed in the following paragraphs, the second in a later 
section of this paper. 

The problem relating directly to apple scab control has three major 
])hases: (1) The development of means for sharply limiting the 
ascosporic inoculum; (2) studies of the effects of such limitation of 
the inoculum on the epidemiology and control of the disease; and (3) 
large-scale exfX'riments to determine whether the procedures developed 
can be adapted to c()mi)ris(^ a part of an improved program of scab 
control. Attention has tlius far been devoted to the first and second 
phases. The results seem to have demonstrated that, under condi¬ 
tions such as were encountered in these experiments, (1) suitable 
ai)plications of eradicant fungicides are capable of drastically reducing 
the ascosporic inoculum, and (2) such reduction greatly retards and 
ameliorates the development of the <lisease, especially in the critical 
])eriod of ])rima,ry and early secondary infection. 

It is recognized that many obstacles must be overcome if fall 
spraying is to find a |)hu‘.(‘. in tlic apple scab control program. The 
most important appears to be the problem of host injury. Many 
of the formulas employed appear to be on the threshold of satisfactory 
fungicidal efhciency, without too much injury to the host. However, 
(‘xtensive tests, witli due consideration to the effects of different 
environments and to varietal responses, will be necessary to establish 
the safety of sucli materials for use in orchard practice. 

Other obstacles, such as early leaf fall under some conditions, 
difficulty of thorough coverage of the foliage of large trees, the 
inconvenience of spraying after harvest, etc., must also be considered. 
These diHiculties vary much in importance with conditions in different 
regions. Tliey do not seem to be insurmountable under ordinary 
Wisconsin conditions. It is scarcely to be expected that any control 
program will be adapted to all regions in which scab occurs. 

Such eradicant chemical ])rocedures as are here discussed can be 
established as a part of a .sound program for apple scab control only 
if and when they justify themselves on the basis of extensive trial 
under orchard conditions. Much work remains to be done in develop¬ 
ing methods and studying their effects before large-scale tests are 
warranted. Unless or until these methods stand the test of such trials, 
growers are advised to refrain from trying them. 

The studies on apple scab are being continued. 

EXPLORATORY STUDIES ON OTHER DISEASES 

Though this investigation has been centered about apple scab, as 
an important disease that afforded opportunity and material for the 
work, its larger purpose has been to inquire into possibilities for wider 
application of the principle of eradication to plant disease control 
through the use of chemical agents. After it became evident that 
suitable applications of copper-lime-arsenic mixtures were capable 
of preventing the development of ascocarps of Venturia inaequaiiSf 
certain exploratory experiments were initiated to gain evidence 
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concoriiin^ tlieir potentialities for limiting the development or the 
dispersal of an effeetivc j)rimary inoculum of e(4'tain other patlio^jcenic 
fiinj^i. A brief report of this work, which was necessarily limited in 
extent, follows. It seems unnecessary to burden this pa])er with a 
review, for each of the diseases dealt with, of the previous efforts in 
this direction, in which other materials, chiefly those ada|)ted primarily 
for summer spraying, were employed. 

BROWN HOT OF PLUM 

On April 29, 1038, formulas (^SP/o+ljK + (^u? 4 't“FO% and 
Jj% + Cail + F()% (for explanation of symbols, see footnote 1, table 2) 
were applied to branches of Pnmuft (iomestica L. bearing per¬ 
sistent mummified fruits that had been attacked by the brown rot 
fungus, Sclerotinia fnicticola (Wint.) Rehm, in the preceding year. 
The blossom buds had expanded but not separated in the clusters. 
Sprayed and unsprayed mummies, collected on May 5, w^ere examined 
by a standardized procedure for occurrence of conidia. None were 
found on the sprayed mummies, wdiereas they occurred in abundance 
on the unsprayed. In a similar experiment in the following year 
formulas 10 and 12 of table 6 gave like results. No spray injury was 
observed to follow these treatments. 

APPLE BLOTC’H » 

In 1034 and 1935 individual branches of three large Northwestern 
Greening apple trees bearing abundant twng lesions caused bv the 
blotch fungus, Phyllostkia solitaria K. and E., were treated at Url^ana, 
Ill., by means of hand sprayers. 

In 1034 the trees were at the green-tip stage when the sprays w en^ 
applied. Light showers occurred the night after th(» applications, 
followed by dry weather for several weeks. On June 2 and 14 twigs 
were collected at random from the treated and untreated branclu's 
and sent to Madison, where they were held for 5 days in a moist 
chamber at 20° C. to give the pycnidia further opportunity to mature. 
The percentage of lesions that bore any sporulating pycnidia w as then 
determined by microscopic examination. Residts from old lesions 
and those from new^ lesions and advancing margins of old ones were 
taken separately, the current year's advancing margins of an old lesion 
being counted as a new lesion. 

In 1035 the experiment w’^as repeated, with modifications. There 
were two dates of application, and the twdgs were collected for exami¬ 
nation on May 2. 

A summary of the treatments and results for both years’ experi¬ 
ments appears in table 6. 

In 1034 the sprays were applied too late for maximal effectiveness. 
Nevertheless, formulas 1 and 2 seemed to prevent sporulation on 
about three-fourths of the old lesions (fig. 7, A, B). There was com¬ 
paratively little reduction of sporulation on new lesions. Lime- 
sulphur and bordeaux treatments were comparatively ineffective. 
Formula 1 caused perceptible host injury; the others di(l not. 

^ Thu writers arc indebted to Dr. JI. W’^. Anderson of the Illinois ARricultural Experiment Station for hi.s 
helpful cooperation in this part of the work and for fwirmission to report the results, and to Fred Heaton of 
New Burnside, HI., for making his orchard and sprucing facilities available for the w'ork of lt*3f}. 
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Tablk Ci. ‘ The effectivenenH of certain npray treatments in suppressing sporulalion 
of Phyllostictfi soUinria in twig lesions of Northwestern Greening apple^ IWbanUj 
III., 19.14 and NlHi) 


I )iite of I 
applicatioiij 


Korinulii i 


iy:^( 

1 

liTihejitod _ . 

\|ii ii_ 

1. 

l-bFO'-H...i 

FOh. 

Oo. 

1 <> 

Do. 

; 

FO's 1 

Do 

4 

1 

C’SH-L>4 f('ai L'fZai ‘H- 
FO>.. 

Do . 


('Sl-f 'jfZiil y-4 

FOi • 

Do 

1 fj 

('Sl + b'.,-fZfti 1 + F01.. 
CSDj+Lj>,-bFO’■ 

Do 

7. 

Do 

' h 

LimO'Siilphur IT. _ 

lU.i.'i 

i 

Cfitietilcd 

Fob M 

1 
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FO‘i 
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Fob 11 

\rii S 

' 11 

<’SD <4 I>K-f ('ui 44-<'<M»ai 
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<lo. 
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\^ 

1 

('SI' 4*l^‘i + CaD44Ziii44 
FO ‘t 


Total 
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(»l)- 
ser\ed 


iU 


7 I 

<) I 
10 I 

0 I 
12 
U 


Old 2 lesion.s 

New 2 lesions 


"J'otal 

Beuniifj ssporu- 

Total 

Bearing sporu- 

luting i>>cnidia 

latinp pycnidia 

A u miter 

A uinfteri Percent 

Number 

A'm Percent 

irt 

I.** 

IfM) 

10 

10 

100 

19 


20 

15 

la i 

87 

17 

4 

24 

17 

15 1 

8K 

11 

4 

ao 

25 

20 

80 

10 

9 

90 

10 

■"i 

100 

14 

10 

72 

21 

24 ! 

100 

1 22 ' 

1.'. 

OS 

la 

la I 

100 

1 19 

14 

71 

! bl 

19 

100 

1 22 

21 

90 

; la 

la 

KM) 

' 49 

49 

100 

• 17 

12 i 

71 

1 42 
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0 

, -- - 


-- 

' 4.") 

12 

27 

12 
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2 , 

"a 

; a 

0 , 

0 

.10 

' 

' 17 

2 

' 1 , 

.50 

ai 

4 

M 

1 

0 : ■ 

0 

so 

2(i 

S7 

1 

' 0 

0 


1 For explanation of "Mnliols, •see foolnf»te 1, table 2 
* Sec text 


Jii the treiitinonts applied February 14 were deeidedly more 
efleetivt' than those of April 8. No sporulatin^ pycnidia were found 
on old lesions that received the early application of treatment 10, 
and treatments 11 ami 12 were nearly as effective, with the same timing. 

Fnder tlie conditions of the experiment, few new lesions developed 
on the experimental branches. The data on these are too meager to 
oiler more than a suggestion that there was some measure of limitation 
of sporulation on young lesions, especially by the earlier treatments. 

In 198() an experiment in which the sprays were applied by a power 
machine was performed at New Burnside, Ill. Applications were 
made March 4 on 10- to 15-year-old Duchess trees that bore abundant 
blotch lesions, especially on the fruit spurs. Each program of treat¬ 
ments was used on two or more trees. The experiment was planned 
primarily to gain evidence on the effects of the several programs on 
the incidence of Idotch on fruit, but, owing to cold injury, practically 
no fruit was set. Furthermore, on account of the very dry season, 
there was no signilicant amount of new infection, even on unsprayed 
tree's. Samples of twigs collected May 27 were examined microscopi- 
(‘ally on May 28 with reference to the percentage of })ycnidia that 
bore spores. The results appear in table 7. 

The examinations showed that 42 and 65 percent, respectively, 
of the pycnidia in the old lesions from the two plots (1, 2) that 
received no dormant spray contained spores; none in the old lesions 
of plots (8 8) that received the dormant treatment. 

Where the dormant treatment was omitted (plots 1,2), 100 percent 
of the py(*nidia in the new lesions bore spores. In three of the four 
samples (plots 8, 5, 7, 8) that received both the dormant spray an<l 
the summer a])plicatioiis of bordeaux, only about half of the pycnidia 
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in the new lesions sporulated. In the samples that received the 
dormant treatment without the summer applications of bordeaux 
(plots 4, 6) the percentage of sporulating pycnidia was slightly liigher. 

Table 7. — The ojfecHvertess of certain apray ireaimeyits in snpprcxaing a par illation 
of Phyllosticia solitaria in heig lesions of Duchess apple, New Burnside, 111., WS6 


Plot 

no. 

Formulas i apiilied Mar. 4, KlSfi 

1 

I’^ntreat4'd. ___ 

2 

... do.. -. 

3 

A 

CS1H+L--*A+Cai M+Zai •U+FO^n. 

CSl+L‘s+Ctu n+Zai vL+FO'L' 

4 

.I 

G 

_do_- _ 

7 

CSU/i+L'k+Cai 1+Zai > j-f KO-L. 

8 

OS14-Ll4-Cai t*+Zai 1-1-F()>‘v .. 


Summer Irealnienl ? 


Type iftiid 
number 
of lesions 
observed 


Lead arsenate only .. 

Tlordetiux plus lead arsenate 

.do... 

Lead arsenate only _ 

Bordeaux plus lead arsenate. 

Lcad arsenate only.. 

Bordeaux ]»lus lea<I arsenate 
- do. 


fOM 

iNevv 

/Old 

I New 

/Old 

I New 

/Old 

LN'ew 

/Old 

I New 

fold 

INew 

/Old 

INew 

/Old 

INevv 


5 

11 

2 

7 

r> 

it) 

T) 

]‘) 

'h 

H 

3 

H> 


Total 
jiyoni' 
dia ob¬ 
served 

Pycnidia 
with spores 

Sum- 

Nuvi‘ 

Per- 

ber 

brr 

cent 

.57 

24 

42 

33 

3.3 

KM) 

17 

10 

05 

2t 

24 

100 

in 

0 

0 

,55 

27 

40 

20 

0 

0 

54 

3S 

70 

30 

H 

47 

15 

0 

0 

27 

in 

50 

10 

0 

0 

2:1 


KM) 

13 

0 

0 

1 

20 

40 


1 For explanation of symbols, see footnote 1, table 2 

* All plots were sprayed with flotation sulnhur, ir>-100, just before the blossoms opened, at petal fall, and 
* 1 week later. Lead arsenate and hydrated time, each 3-100, were added at petal fall. The bordeaux plots 
received applieation.s of bordeaux, 4-n-lOO, plus lead arsenate, 4-l(K), at 2 and 3 weeks after petal fall 1’he 
other plots were treated at the same dates with lead ansenate and hydrated lime, eindi 4 KM). 

J See text. 


None of the dormant spray treatments caused any jierceptible 
host injury. 

While the available data are very meager, they indicate that 
suitable applications of copper-lime-ai'senic mixtures are capable of 
preventing sporulation in a liigh ])ercentage of the pycnidia of th(‘ 
blotch pathogen, especially those borne in the old lesions. Whether 
these or similar treatments can be suffKuently jxTfected to become a 
practical measure for blotch control lies beyond the scope of the 
present investigation. 

PEACH SCAB 

On February IG, 1933, formulas 25, 30, and 31 of table 2 and bor¬ 
deaux mixture, 4’2”5(), were each applied at Madison by means of 
hand sprayers to twigs oi Amygdalus per^ica L. bearing lesions caused 
by (fl.adosporium carpophilum Thiim. on th(' growth of the pre(‘eding 
year. On March 4 the twigs were collected and placed in a moist 
chamber at 22^-24° C, for 3 days to favor sporulation. They were 
then examined microscopically by a standardized procedure for inci¬ 
dence of conidia of the scab pathogen. The untreated lesions bore 
abundant conidia. The following percentage reductions in the num¬ 
ber of spores borne on the treated lesions, based on the results from 
the untreated, were indicated: Formula 25, 100; formula 31, 99.2; 
formula 30, 93; bordeaux, 4-2-50, GO. Twigs sprayed with the cop- 
per-lime-arsenic mixtures showed some injury after growtii was re¬ 
sumed, chielly manifested as a roughening of the bark. Tlie ])each 
plant is well kiiown to be very sensitive to copper injury. liack of 
scab-infected peach trees precluded further experiments at Madison. 
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Fkj t'liE 7. —Sections of fungal fruiting structures from fixed material, showing effects of eradicant spray 
treatments* A, Disorganized pycnidiuin of Phpllosttcta soltfaria 2 months after treatment with formula 2 
of table 6; /f, as A but untreated: r, disorgnnixe^l ascoearp of Mycosphatrella rubtna 17 days after treatment 
with a copiier-lime-ar&emc mixture; D, as C but untreated; E, disorganized asewarp of THbotryon wior* 
bosiim 21 days after treatment with formula 12 of table 8; as E but untreated. All apiiroximately 
X 2/50, 
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On Aiarch 15, 1935, three eopper-lime-arsenic mixtures were applied 
to peach trees at Lexington, Ky.^, by means of a power sprayer. The 
flower buds had already begun to show pink. Examination of twigs 
collected May 17 showed that the sprayed lesions bt)rc about one- 
third to one-half as many conidia as the unsprayed. It seems prob¬ 
able that the lateness of application and the use of weaker mixtures 
may account in large measure for the difference between the Ken¬ 
tucky results and those obtained at Madison. 

These data, though fragmentary and inconclusive, suggest possi¬ 
bilities of substantial reduction of sporulation of the peach scab fun¬ 
gus in twig lesions by means of suitable dormant s])raying, and indicate 
that the (*opper-lime-arsenic sprays were far more effective than the 
bordeaux. 

SPUR BLIGHT OF RASPBfUUlY 

At Madison on May 15, 1933, several copper-lime-arsenic mixture's 
were applied by liand sprayers to canes of red raspberry {Ruhufi strl- 
gosus Michx.) affected by spur blight, caused by Mgcosphaerella rnbino 
(Pk.) Jaez. Microscopic examination of samples collected May 29 
showed tliat peritliecia on the sprayed canes were dead, wher(»as 
those on the unsprayed were in good condition. When fragments of 
moist bark bearing numerous peritliecia were pla(*ed over clear agar 
in Petri dishes, there was abundant discharge of ascospores from tlK* 
unsprayed material, none from the sprayed. Histological wsections of 
sprayed and unsprayed perithecia collected June 1 are illustrated in 
figure 7, T, I). 

PEAR SOAR 

In a single small-scale experiment at Madison in 1933-34, |)ear (/b/- 
rus communis L.) branches of an unknown variety bearing scabby 
leaves were treated in the fall with certain (‘opper-lime-arsenic juix- 
tures to test the effectiveness of the latter in su])pressing j)roduction 
of perithecia of Ventiiria pgrina Aderh. Sprayed and unsprayed 
leaves were overwintered and examined for perithecia by tbe methods 
used in the similar studies on apjile scab. The results, w hi(*h w ill not 
be given in detail, were closely similar to those obtained in the apple 
scab w'ork. 

At Hood River, Oreg,^ in 1934 35, certain copper-lime-arsenic 
mixtures wx're applied to branches of three large Anjou ])eaT trees 
bearing twig lesions caused by Veniurki pgrina. The same treatments 
WTre given on two dates, December 5 and March IS, so that om‘ 
series of branclics received only the earlier ajiplication, another only 
the later, and a thiid received both, l^nspraycd braindies served as 
controls. Because of circumstances beyond the control of the 
experimenters, these trees also received a dormant apjdication of 
lime-sulphur. 

Samples of twigs collected May 12 were sent to Madison, where 
tliey were examined microscopically for the ])ercentage of lesions that 
bore conidia of th(‘. scab fungus, llie results, wdiich will not be given 
in detail, indicated that the moie efficient treatments had reduced 
the percentage of sporulating lesions by ajiproximately three-fourths 

‘‘AcknowledjjniiMit Is made to Dr W'. D. V’ldlemi of the Kentucky AKncultural Expernnent Station for 
his kind cooperation in fins expenincot and pcriidsslon lo report the results. 

Childs of the Hood River Branch ExiMTixnent Stallon of Oregon and 
Kionholz of the OITice nf HorticulliiriiJ Crops and Disea.ses, Bureau tif Tnaiit Industry, C. S Department 
of A^TicuIfure, for their kind eoopcration in lliiv experiment and permi.sslon lo r<*port the lesults 
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to nine-tenths. However, under the conditions of the experiment, 
there was more spray injury than could be tolerated commercially. 

While the host injury caused in this experiment was distinctly 
discourugiiig, it should be noted that all the formulas used were 
comparatively low in lime. The fact that tlie conidial inoculum 
appeared to be substantially reduced by the formulas tested in this 
initial trial suggests possibilities of its more adequate suppression by 
better adapted sprays. 

CHEHRY LEAF SPOT 

At Madison in 1933, branches of sour cherry {Prunus cerasus L.) 
abundantly affected by leaf spot, caused hj Coccomyces hiermdis 
fliggins, were given fall applications of certain copi)cr-lime-arsenic 
mixtures. Sprayed and unsprayod leaves were overwintered and 
examined for apothecia in the spring by the methods used in the 
similar studies on apple scab. The results, which will not be given 
in detail, were closely similar to those obtained in the studies on 
apple and j)ear scab. 


BLACK KNOT OF CHOKECHEHRY 

In three series of experiments at Madison in 1933, certain sprays 
were a})i)lied by atomizeis to cut twigs of chokecherry (Prvnvs 
rirginlana L.) bearing lesions of black knot, caused by Diboiryon 
morbosnrn (Schw.) T. S., to test their effectiveness in suj)pressiiig the 
j)roducti()n of ascospores of tliis pathogen. Two to ten twigs bearing 
living knots with abundant aiscocarp initials or asc()car})s were used 
per treatnient. The cut ends of the twigs were kept in water, 
which was (‘hanged fre<|uently. A summary of the treatments aiul 
results appears in table 8. 

Tahi.k S. 1^( faults of tifirauiog cat heiga of chokrchcrrif for the stipprt^ssioa of Un 
(is('i(jcroas atogi' of the l.lock knot fanga^^ Madmou, IT/.s,, lOf.i 


Series and dale ol 


Foi inula ‘ 


Xsfospores prev^»nt 
Hi .stated clap". 


Sf•ne^ 1, Keh L 


Seizes J, Fel) H5 


Series HI 


I 1 

t ntreated . . 


2 

('M 4-1/Oicul i-'-t F<)i4 

. 'ie- 

H 

( Sl-j-L (lUMJl t + Cail-i-FO’■ 

No . 

1 

(’St-f Ll-fCml i F()‘j 

.No 

.5 

('Sl + L l+Ciu'j-f FO •s 

No 

! 15 

1/V-f <’ai‘..^-F()‘v 

No 

f ~ 

Cnt routed 

Ve*. 

S 

('SI -j-L ' -hh'O fK 

' Yes 

1 

CSI 4-1. (lunn.)-f FO’4 - 

Ve> 

'id 

(’SI 4-L l-f FOJ| 

. _ .; No . 

It 

(’SI4-L 14-(’ni « .-4 1‘O'v ... 

No 

12 

(’SH J/l-HCaC t-f FO'j 

No 

!i:i 

rsi-Fl. » .-|-('ai» -i FO» . . 

. 1 No . 

dt 

(’SI f-L 1 FO»v 

. - ■ No 

15 

\ ntrented 

Ye** 

Hi 

(’S1-4-I. V.-fC’aC .4-FC)«.. . . . 

_ 1 No 


Fell, 15 

Feb. 25 
{Mar 14 


» For explanation of symbols, see footnote 1 of table 2. 

MUk of lime was aucled In successi\c small amounts until the sufierna'tHnt liquid, after agitation, no 
longer gave a positive potassium forrorzyanide test for copper. 

On February 1, when the first series of sprays was applied, the asci 
of the black knot fungus were in an early stage of development. A 
f(^w spores had been delimited, but none were mature. The twigs, 
after drying overnight in the laboratory, were wet with distilled water 
and held in a moist chamber for 1 week at 7® and for another at 12° C. 


]1)883—:{7-3 
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Abundant ascospores were developed on the unsprayed knots, and 
the ascocarps from this source were in good condition when examined 
on February 15. Abundant ascospores were also matured on the 
cankers sprayed with neutral bordeaux, but none on those sprayed 
with the copper-lime-arsenic mixtures. No asci were found in the 
material that received formula 4. Abundant asci were observed in 
the material that received formulas 3, 5, and 6, respectively; but they 
were abnormal, appeared to be degenerating, and bore no delimited 
spores. Fragments of knots from each treatrmuit wore moistened and 
placed in Petri dislies above agar for a test on spore discharge. Abun¬ 
dant as(*ospores were discharged from the untreated fragments. Dis¬ 
charge from the material that received the bordeaux treatment was 
abundant, but apparently less than from the untreated. No discharge 
occurred from fragments that had been treated with any of the copper- 
limc-arsenic. mixtures. 

The second series of s])rays was applied February 16. The twigs, 
after drying overnight in the laboratory, were moistened and hold in 
a moist chamber for 9 days at 16® C. Tlie results of microscopic 
examinations and a test of ascospore discharge were similar to those 
of the first series. Abiindant ascospores were developed on the un¬ 
treated knots. Bordeaux failed to prevent abundant fjscosporo devel¬ 
opment and discharge. No mature ascospores were obtained from 
any of the knots that received the copper-lime-arsenic treatments. 
Figure 7, E, F, illustrates the condition of a typi(‘al perithecium that 
received treatment 12, in contrast with that of a normal ascocarp 
from an untn^ated lesion. 

On March 9, when the third series was started, many of the asco¬ 
carps contained mature asci, and discharged ascos])ores freely when 
moistened. After the spray was applied the knots were allowed to 
dry out of doors. They were then wet with distilled water and 
placed in a moist chamber for 4 days at 16® C. On March 13 the 
unsprayed perithecia were normal in appearances contained mature 
asci in abundance, and discharged ascospores freely. The asci in the 
treated ascocarps had degenerated, and no ascospores were dis¬ 
charged when fragments of the treated knots were moistened and 
placed over agar in Petri dishes. 

THREAD BLIGHT OF FU;'» 

At Union, La., fig (Ficus carica L.) branches bearing abundant 
sclerotia of the thread blight fungus, Coriiemm koleroga (Oke.) v. 
Holm, were sprayed January 25, 26 and again h'ebruaiy 27, 28, 1935, 
ydth each bordeaux mixture (8-8-50 in tlie first application, 4-4-50 
in the second) and certain copper-lime-arsenic formulas, respectively. 
The bordeaux treatments considerably reduced the amount of infection 
that developed in the following season, but did not satisfactorily (*on- 
trol the disease. The two treatments with one of the copper-lime- 
arsenic preparations (formula 209 of table 2) gave efficient control. 
The disease developed abundantly on the unsprayed branches that 
served as checks. No spray injury w^as observed. 

In 1936 the experiment was repeated with nuxlifications. Two 
trees, about 12 years old and bearing abundant sclerotia, mycelia, and 

A('knowlorlgrfi«nl is made te Dr. E (). Tims and P. J Mills, of tlio Louisiana Agricultural Experiment 
Station, for permission to make tlu* following statement regarding their work on this disease. 
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basidiospores of the thread blight fungus, were sprayed Januaiy 9 and 
again February 26 with two copper-lime-arsenic formulas. Formula 
108 of table 2 was used in both applications on tree no. 1, and formula 
142 (with fish oil, one-half of 1 percent) of the same table was similarly 
applied to three-fourths of tree no. 2. The remainder of tree no. 2 
served as a check. The disease was completely controlled on tree 
no. 1. A trace of infection (on two twigs) occurred on the sprayed 
portion of tree no. 2. The disease developed abundantly on the 
unsprayed part of tree no. 2. No spray injury was observed. 

SEED TREATMENT EXPERIMENTS 

The high eradicant fungicidal efficiency of copper-lime-arsenic mix¬ 
tures and the ease with which their toxic properties can be varied 
through a wide range of control by modifications of formula suggested 
tests of their potentialities for use in seed treatments. The fact that 
these mixtures are capable of exercising toxic effects in an alkaline, 
neutral, or acid medium by means of soluble materials that diffuse 
from the spray or dust residues (26) suggested that they might find 
adaptation against seed- and soil-boinc pathogens. About 200 dusts 
of good physical properties were prepared, usually by filtering the 
li(iuid ])reparatioiis, diying the residues, and grinding in a mortar. 
Tlie experimental work was centered about wheat (Triticum aestivum 
L.) bunt, caused by TiUetia tritici (Bjerk.) Wint. and T. levis Kiihn. 
In greenhouse experiments that have not yet been reported, certain of 
these cop])er-liine-arsenic dusts were somewhat more efficient than com¬ 
mercial cop])er carbonate or ethyl mercury phosphate dusts in control¬ 
ling this diseavse in infested soil. In these tests, however, the copper- 
lime-arsenic dusts used were not capable of satisfactorily controlling 
bunt in cases of severe outbreaks resulting from a soil-bome inoculum. 
Dusts of the tyj)e under discussion clearly have substantial value for 
seed-treatment purposes. It remains for further investigation to 
determine whether they can advantageously be adapted to practical 
use. 

DISCUSSION 

The results of these studies a.s they relate to apple scab control have 
been discussed in an earlier section. It remains to consider them in 
relation to potentialities of increased use of eradicant chemical 
measures in the control of other diseases. This discussion will be 
introduced by the following brief survey of pertinent literature.^ 

The first fuiigicides to find an important adaptation to plant disease 
control were of the eiadicant type, and compounds of copper and 
arsenic, respectively, were among the first materials to be used suc¬ 
cessfully for this puri)ose. In his classic memoir on bunt of wheat, 
Prevost (27) reported experimental demonstration of the lethal action 
of copper sulphate and various other chemical agents on the spores of 
the bunt pathogen, and described a well-founded method for large- 
scale use of a copper sulphate solution for seed treatment. He re¬ 
vie w’^ed previous work on seed treatments for bunt control, giving 
special attention to arsenous oxide, which had been used in England, 
and reporting it to be much inferior to copper sulphate in fimgicidal 
action and other important qualities. 

Washing dormant grapevines with a solution of iron sulphate and 
sulphuric acid to combat anthracnose was one of the earliest successful 
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adaptations of liquid fungicides to the treatment of plants for disease 
control {29), It was an eradicant procedure, and, if it had received 
more consideration, might have pointed the way to further substantial 
developments in this direction. However, the discovery of bordeaux 
mixture and the great development of dominantly protectant spraying 
that followed appear to have overshadowed this proinising beginning 
in the evolution of methods for sup])ression of the primary inoculum 
of phytopathogenic fungi by eradicant chemical treatments. 

The dominance of protectant spraying in the control of orchard 
diseases since the discovery of bordeaux mixture, the great achieve¬ 
ments and present imjiortance of protectant spraying, and the curnmt 
status of eradicant measures in orchard disease control have been 
discussed by one of the writers {15). 

In the rapid expansion of spraying methods that follow'^ed the 
introduction of bordeaux mixture, various treatments of dormant 
])lants wwo tried more or less empirically against many diseases in th<‘- 
hope of su])pressing the pathogens, fn most cases, however, tlu^ 
results did not justify the treatments. While eradicant sp]*aying has 
come into very successful use against certain diseases (e. g., peach 
leaf curl, caused by Taphrina deformar^s (Berk.) Tul.), it has continued 
to receive comparatively little attention. 

Although arsenic is not usually regarded as a,n active fungicidal 
element, it has long been known that various arsenical compounds ai‘(‘ 
toxic to fungi (22). The early work with arsenous oxide in seed 
treatments against bunt of wheat (27) has been mentioned. Knowies 
(21) reports an early attempt to combat dry rot of ships by the use 
of arsenical materials. Reference may be made to I lorton and Salmon 
(11) and McCidlan and Wilcoxon (22) for surveys of more recent 
literature on the fungicidal action of arsenicai com])()unds. Of 
special interest in relation to the present pai)er are the work of Curtin 
(2) and (kirtin and Thordarson (d) on the use of arsenites in wood 
preservation, that of Viala (SO) and others on control of “esca’’ oi- 
apoplexy of the vine by a dornuiJit application of an arsenical spray 
(chiefly sodium arsenite), and various experijmuits on the use of 
arsenical compounds in seed treatments (22) and in spraying plants in 
foliage {5y 7, Sy 9y 11 j 2S) to combat certain diseases. SicCallan and 
Wilcoxon (22) report that hi their experiments on sj)ore germination 
arsenic was toxic as arsenous acid, sodium arsenate (\aoIIAs() 4 . 7 Hi;()), 
and elementary powdered arsenic. They state that, in conformity 
with the results of Wollenw^eber {(i4)y their data indicate 'hi great 
variation in sensitivity to arsenic among fungi^’, and suggest that, 
while arsenic may find increased use for fungicidal j)urj)oses, its 
adajitation will probably be confineil to certain specific cases, such 
as they have noted. Working with a different technique, (hirtin 
and Thordarson (fi) found that zinc meta-arsenite w'as highly and 
rather uniformly toxic to the 14 species of fungi that they stiidied, 
and Paliniter and Keitt (29) report that calcium arsenites were 
highly toxic to all of the 8 species of phytopathogenic fungi in(‘ludod 
in their studies. 

It seems unn<u‘essary for the ])urposes of the present ])aper to 
discuss the rather extensive literature (32) dealing wdth the injurious 
or beneficial efl’ects of a,J'senical compounds on seed jihints, the ac¬ 
cumulation of arsenic in the soil, its inactivation in the soil by chemical 
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relictions, its liberation iroin the soil in a ^iisoons stale as a. rc'.sult of 
the activities of niicro-organisins, and related subjects. 

Additions of various arsenical eoinpoimds to bordeaux mixture for 
spraying plants in foliage have long been made for the purpose of insect 
control. Formerly, arscnites or materials containing them, such as 
paris green and london purple, were commonly used; but, in later 
years, these have largely been replaced by arsenates. It has long been 
recognized that the addition of these arsenical compounds may 
increase the fungicidal value of sprays. However, at the comumtra- 
tions used in practice, such preparations liave comparatively little 
eradicant fungicidal value, and are unsuited to the purposes of the 
])resent investigation. 

The results that have been pnisented in the pres(‘nt paper and those 
of a correlated study on the toxicity of copper-lime-arsenic mixtures 
to certain phytophathogenic fungi, using toximetric cultural methods 
show that suitable coi)pcr-lime-arsenic mixtures hav^e powerful 
eradicant fungici<lal properties, and that the toxicity of preparations 
of this type can be varied through a wide range by choice of the 
iirsenical (‘omponent, modifications in the amounts and proportions of 
the ingredients, and the use of amendments. Under the conditions 
employed in the toximetric experiments {2f)) the calcium arsenites 
studied showed a higher toxicity to the test fungi than copi)er sulphate, 
and the copper-lime-arsenite mixtures commonly showed a to.xicity 
etpial to or greater than the summation of the toxicities of their 
separate ingredicuits. Furthermore, it was shown that copper-lime- 
arsenic* ])r(‘parations liberate soluble materials that are capable of 
diffusing tlirough an acid, neutral, or alkaline medium and exercising 
fungicidal action at considerable distances from the undissolved 
residues ruder like conditions, the copper-lime component (bor- 
(huuix mixture), when us(*d alone, exercised little or no toxic action by 
means of dilVused materials when the medium was alkaline or neutral, 
and very little in the acid range tested. These facts aid in explaining 
the grc'at superiority of suitable copper-lime-arsenic preparations over 
bordeaux mixture in eradicant fungicidal power. 

The studies reported herein show further that suitable copper-lime- 
arsenic mixtures were usually highly effective in either preventing 
sporulation of the various patlmgens against which they were tested or 
else in killing or inactivating the spores before they were disseminated. 

The dictum that a phytopathogenic fungus cannot be elTectively 
(Munbatted by spraying after it ha^^ become well established in the host 
tissues is rather widely accepted. Attention is invited to the fact that 
most pathogenic fungi that grow on or in plant tissues sporulate at or 
near the surface, or else their spores pass to the surface before they 
can be disseminated. The production and liberation of the primary 
ino(*ulum is therefore to be regarded as a potentially vulnerable stage 
in tlu‘ life history of many phytopathogenic fungi, and one against 
which s\irfa(*e treatments with suitaole eradicant fungicides would seem 
to have much greater possibilities than have hitherto been generally 
recognized. 

The studies thus far undertaken have been exploratory and com¬ 
paratively limited. Much additional work remains to be done if 
eradicant chemical measures of the type under consideration are to 
find substantially increased practical adaptation in programs of 
soundly founded complementary procedures for the control of plant 
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diseases now combatted chiefiy by protectant fungicides. The work 
reported herein was centered about coppor-lime-arseuic. preparations 
only because these seemed to be much tlie most promising materials 
tried. Further studies directed toward the development of better 
adapted materials seem desirable. Only a small beginning has been 
made on experimental studies of the eflects of eradicant treatments, 
and the consequent limitation of primary inoculum, on epidemiology 
and control of the diseases concerned. Additional work in tliis un¬ 
developed field and in the underlying fundamentals of epidemiology is 
highly essential to the evolution of soundly based control programs. 
Attempts at practical applications of the methods under investigation 
await further advances in studies of the eradicant methods and their 
effects. 

The present methods of protectant spraying are the result of a 
prodigious amount of mvestigation and experience in many lands 
throughout a 50-yoar period. The problems of chemical eradication 
seem to be no less difficult than those of chemical protection. If the 
use of eradicant measures to complement protectant spraying is to be 
substantially advanced it will be only as the result of ade((uate experi¬ 
mentation. It is hoped that the evidence now available on the po¬ 
tentialities of eradicant chemical treatments for plant disease control 
may justify other workers in undertaking studies in this comparatively 
neglected field. 

SUMMARY 

Accomplislunents and limitations of plant disease control by i)rot- 
ectant spraying are discussed, and attention is called to the need for 
increased development of control programs of complenientarv ])ro- 
cedures based on the princi})les of immunization and eradication as 
well as protection. A report is given of studios of ]>otcntia]ities for 
increased use of eradicant chemical measures for direct attack upon 
the pathogen, with the aim of reducing it to a survival level at wliich 
it can be more surely and economically controlled. 

The studies on apple {Alalvs syjrestris Mill.) scab, caused by Yen- 
tvria inaequalis (Cke.) Wint., were projected along three major lines: 
(1) Materials and methods for chemical eradication, (2) effects of 
eradicant procedures on epidemiology and control, and (3) large-scale 
orchard tests of the feasibility of adapting eradicant chemical measures 
to the practical control of the disease. 

In small-scale experiments many materials were tested in a single 
spray treatment after harvest a-nd before many leaves bad fallen, with 
the aim of suppressing the ascosporic inoculum. Various mixtures of 
aqueous solution of copper sulphate, milk of lime, and certain arsenical 
compounds (chiefiy calcium and zinc arsenites) were higlily effective, 
often completely preventing production of ascospores in individual 
tests. The results from over 200 formulas are reported and discussed. 
Many of these mixtures caused severe host injury. Others showed 
high fungicidal effectiveness without havhxg thus far caused serious 
injury to the host. Further studies are necessary to determine which 
formulas are best and whether they are safe enough for use in orchard 
practice. 

In two seasons the epidemiology of apple scab was studied compara¬ 
tively in two small orchards about 100 yards apart, one sprayed with 
copper-lime-arsenic mixtures io the fall and the other unsprayed. 
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Neither received summer sprays. Under the conditions encountered, 
scab development in the orchard that received the fall spray was 
strikingly retarded and reduced. Certain confirmatory orcliard 
observations arc reported. 

A spring treatment of the fallen leaves with an ammonium sulphate 
solution killed the ascocarps of Venturia inuegualifi. Other similar 
experiments are in progress. 

The studies on apple scab, which are being continued, have not 
reached a stage to warrant large-scale trials on the feasibility of 
adapting the eradicant chemical methods here discussed to practical 
use in controlling this disease. 

Small-scale exploratory tests of the potentialities of copper-lime- 
arsenic mixtures for suppressing primary inocula were made in 
relation to eight other phytopathogenic fungi. Fall spraying of pear 
{Pyrus communis) and cherry (Prunu^s cerasus) leaves infected, 
respectively, by Venturia 2 )yrina and Coccomyces hiemalisj and dormant 
spraying of chokecherry (Prunus virgin iana) and rasj)bcrry (Rubus 
strigosus) infected, respectively, by Dibotryon morhosum and Mycos- 
pliaerella rubina^ were highly effective in suppressing production of 
ascospores. Dormant spraying vras highly effective in suppressing 
production of conidia of ScJerotinia Jnvcticola on overwintered persistent 
mummified fruits of plum {Prunus domesfica), and partly effective in 
suppressing production of pycnospores of PhyllosiicUi soHtaria on 
apple and conidia of (ladosjmrium carpophilnni and Venturia pyrina on 
l)eacli {Amygdalus persica) and pear, respectively. It was highly 
effectiv^e against sclerotia, my<‘elia, and basidiospores of Cortivium 
koleroga, a[)pearing to give satisfactory control of the thread blight 
of fig (Ficus carica)- In greenhouse trials in infested soil, copper- 
lime-arsenic dusts gave somewhat better control of wheat (Triticum 
aesiirum Host) bunt, caused by TiUetia tritici and T, leris, than did 
commercial copper carbonate or ethyl mercury phosphate dusts. 

The studies ^ported herein show: (1) That the toxicity of copper- 
linie-arsenic mixtures can be varied through a wide range of control 
by clioice of the arsenical component, modifications in the amounts and 
proportions of the ingredients, and the use of amendments; (2) that 
these preparations liberate soluble materials that are capable of 
diffusing through an aedd, neutral, or alkaline medium and exercising 
fuiigicidal actioji at considerable distances from the undissolved 
residues; (ID that suitable mixtures are highly effective against fungal 
fruiting structures at tlie surface, or near a permeable surface, of 
invaded tissues; and (4) that many phytopathogenic fungi are poten¬ 
tially vulnerable to attack by surface applications of eradicant fungi¬ 
cides. 
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THE TOXICITY OF COPPER-LIME-ARSENIC MIXTURES 
TO CERTAIN PHYTOPATHOGENIC FUNGI GROWN ON 
MALT AGAR PLATES ' 

By D. H. Palmiter, forinorly research associate m 'plant pathology^ and G. W. 

Keitt, professor of plant pathology^ Wisconsm Agricultural Experiment Station 

INTRODUCTION 

The work reported herein is part of a series of studies of potential¬ 
ities for increased application of the principle of eradication to the 
control of certain types of plant disease through the use of fungicides. 
Keitt and associates (;?, 3, 5, d)® have shown by means of spraying 
experiments that various copper-lime-arsenic mixtures possess strong 
eradicant fungicidal properties.. The present paper reports the results 
of a comparative study of the toxicity of some of those mixtures and 
of their sci)arate ingredients to certain representative phytopathogenic 
fungi grown in vitro (4). While it is recognized that such work cannot 
take the place of field experiments, the greater speed of operations 
and more accurate control of environmental conditions in the labora¬ 
tory facilitate certain types of experimentation that materially assist 
in guiding the fiehl work and interjireting its results. 

TOXIMETRIC STUDIES 
METHODS 

The techni<nie em])loyed in this studv is based on the widely used 
method of Scnmitz ot al. (S) for toxunetric studies of wood pre 
servatives. 

The to.xic materials were dissolved or suspended in water in 250- 
cubi<‘ centimeter flasks at twice the concentration desired in the toxic 
medium, and steamed at atmospheric pressure for 1 hour. When twm 
or more chemicals entered mto the toxic material, they were steamed 
separately in appropriate volumes of water. The nutrient medium 
(agar, 34 grams; Trommer’s extract of malt, 50 grams; water, 1,000 
cubic centimeters) was freshly prepared at twice the concentration 
used in the tests, and suitable quantities were autoclaved at 15 pounds’ 
l)ressure. for 30 minutes. After partial cooling, equal volumes of the 
medium and the solution or susi)ension of toxic material wore mixed. 
When two or more chemicals entered mto the toxic material they were 
introduced into the mi.\ing flask in the followmg order: Copper or 
zinc sidphate, lime, the arsenical compound. The nutrient medium 
was added last, e.xcept in a few early expeiiments in which it was used 
to dilute the lime component. The results from these two procedures 
for adding the nutrient medium were so closely similar that they do 
not require separate treatment. The mixtures were shaken as each 
material w'as added. After thorough agitation to insure uniform sus¬ 
pension of solid materials, each mixture of agar and test material was 

* Heoeivod for publication Apr. 26, 1937; issued October 1937. This work was supported in part by a 
grant from the Wisconsin Alumni Research Foundation. 
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j)()iiro(l ill amounts of approximately 25 cubic centimeters into IV’itri 
})lates, whore after further aj^itation it was allowed to solidify. The 
tempeiature was regulated so that the toxic medium solidified very 
quickly after the plates were poured. 

The mycelium of tlie test fungi for planting the plates was cut in 
disks 5 millimeters in diameter from malt-agar plate cultures of suit¬ 
able age (5 to 10 days) to have developed a vigorous growth. Two 
plantings were made on each plate of toxic medium on a median line, 
each disk being about equally distant from the center and the edge 
of the plate. tVmtrol jdates containing the suitably diluted medium, 
but no toxic material, were similarly planted in each test. 

The plates were incubated in darkness at 20° C. for 2 wrecks when 
the faster growing fungi, Scieroiinia frurticola (W'int.) Kehm. Glom- 
ereUa cingnlata (Stoneman) Sj). and con S., Phyllosticfa soUtaria K. 
and E., and Phymlospom ohtvm (Schw.) Ckc., were used, and for .‘1 
weeks when Vetiiurla inaeqnalk (Cke.) \Vint., pyrina Aderh., KUi- 
HOC re7ieta (Burk.) Jenk., and C-ladosporiutn carpophilum, Thum. w-ere 
the test organisms. If no growth appeared during tliis time the disks 
were transferred to malt agar slants, and if then no grow tli appeared 
after a period equal to that on the toxic medium the mycelium in 
the disks w as considered dead. 

Except as otherwise stated, the results are summarized (tables 1, 
2, 3, 4) in terms of (1) the highest percentage concentration by weight 
pf the toxic substance that in any case allowed growth of the test 
fungus on the plate, and (2) the lowest coiuauitration that always 
killed the mycelium. At least. tw'O tests were made with each organ¬ 
ism on each medium, h^ach test usually consisted of duplicate plates, 
wdth a total of four colonies, though as many as 5 jdates and 10 col¬ 
onies have been used. In general, the results of the replications 
agreed closely, though, as might be ex])ected, those from some of the 
less toxic materials (e. g., diacalcium arsenate) showed more varia¬ 
tion. Usually the concentration of the toxic materials was increased 
until the killing point was determined. irc>w'ever, some of the test 
materials did not kill at concentrations of 2 or 3 percent; and, sin<‘e 
it is ordinarily impracticable to \ise such high dosages for spraying, 
the actual killing point of these preparations was not determined. 

MATERIAL 

Soi'R(’K AND Ol. THE (’hEAIITAL .MATERIALS P.sKI) 

The arsenical comjKumds used in this study, whicii were finely 
ground i>roducts obtaineil from several commercial (companies, were 
analyzetl * according to the methods of the Association of (Mficial 
Agricultural Chemists (/). Results appear in the following para¬ 
graphs. The percent of moisture is based on the original air-dry 
samples. The water-soluble and total arsenic are expressed as per¬ 
cent As 2()3 for the arsenites and AwS 20.5 for the arsenates, based on the 
oven-dry (110° C.) samples. There was not sufficient difference in 
the results from different lots of the same compound to w arrant dis¬ 
tinctive designation of each lot in relation to the analyses. 

Calcium araenitefi .—While the calcium arsenites are designated as 
mono-, di-, and tri-, it is recognized that each probably contained 

» Omtoful arkiiowledpniefits an* made to Prof. V. W. Melocho for siipervisinj? and to N. Clayton 
for inakiiii;: these determinations. 
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some admixture of the others. Each of the three samples of mono¬ 
calcium arsenite used contained less than I percent of moisture. The 
water-soluble arsenic ranged from 23 to 28 percent, and the total 
arsenic from 70 to 74 percent. The two samples of dicalcium arsenite 
showed 2.7 and 4.5 percent of moisture, 8 and 15 percent of w^ater- 
soluble arsenic, and 59 and 01 percent of total arsenic, respectively. 
The two samples of tricalcium arsenite showed 1.0 and l.G percent 
of moisture, 1.7 and 9.0 percent of water-soluble arsenic, and 55 
and 54 percent of total arsenic, respectively. 

Z>inc arsenite .—All the zinc arsenite was obtained from the same 
source. It contained 0.4 percent of moisture, 0.0 percent of water- 
soluble arsenic, and 42 percent of total arsenicf. 

Copper - The copper arsenite (c. p.), which was reported 

by the manufacturer to be in the cupric form, contained 2.2 percent 
of moisture, 2.0 percent of water-soluble arsenic, and 41 percent of 
total arsenic. 

Paris (jreen. ~T\\o paris green, which came from one source, con¬ 
tained 0.3 percent of moisture, 0.2 percent of water-soluble arsenic, 
and 57 percent of total arsenic. 

Iron arsenite. The iron arsenite (c. p.), which was reported by the 
manufacturer to be in the ferrous form, contained 5.0 percent of 
moisture, 3.0 percent of water-soluble arsenic, and 42 percent of total 
arsenic*. 

(''alvinm arsenates. -The dicalcium arsenate used contained 0 .t> 
percent of moisture, 10 percent of water-soluble arsenic, and 54 per- 
(*ent of total arsenic as AsX).v The tricalcium arsenate used W'as not 
available w hen th(' arsenic determinations were made. 

Other chemical materials. Crystalline cupric sulpliate (CUSO 4 . 
51I^>()) of technical grade, <*. ]>. crvstalline zinc sulphate (ZnSOi. 01120 ), 
and lump calcium oxide of C. S. V. grade were used. 


S<»rK('K OF Test Frxai 

Th<‘ test fungi were obtained as follows: Veuturia inaequalis^ six 
monoconidial isolates (15, 17, 18, 22, 24, and 30) used and described 
by Palniiter (7); V. pyrina, a monoconidial isolate from a pear leaf 
at Madison, Wis.; dadosjmriam carpophilum^ a monoconidial isolate 
from peach twigs at Madison; Phyllosticta solitaria, isolated from 
apj)les from Indiana; Klsinoe reneia, from raspberry canes at Madison; 
(ilomerella cinyulata^ a culture from H. W. Anderson, Urbana, 111.; 
Physalospora obtusa, a monoconidial isolate from H. II. Foster, 
Madison; and Sclerotinia fracticola, a monoconidial isolate from 
clierry fruit at Sturgeon Bay, Wis. 

EXPERIMENTAL RESULTS 

TOXK'ITY OF THE SKPAUATE INGREDIENTS OF CERTAIN COPPER-UME*ARSENI(’ 

mixtures 

Data on the toxicity of six arsenites, copper sulphate, and calcium 
oxide, respectively, to each of eight test fungi are shown in table 1. 
The toxicity of the ai*senites varied through a wide range. The mono¬ 
calcium prejiaration was the most toxic. The tricah'ium arsenite 
w as slightly less toxic. Paris green was less toxic than the calcium 
arsenites, fcut more toxic than copper arsenite. The zinc and iron 
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preparations were the least toxic of the arsenites tested, neither of 
them killing any of the test fungi except Physalospora obtusa at 2 
percent, the liighest concentration used. 

The concentration of copper sulphate required to kill ranged from 
3 to more than 10 times the letnal concentration of monocolcium 
arsenite, depending on the test fungus used. 

The toxicity of calcium oxide varied much with the test fungi, 
one being killed at a concentration of 0.4 percent while three were 
able to withstand 2 percent. 

No two test fungi reacted alike. Physalospora obtusa was the most 
sensitive, being killed by all the test materials used at con(*ontrations 
less than 2 percent. Glomerella cingtilata was the most resistant to 
copper sulphate, while Sclerotinia jructicola was the most resistant to 
the arsenites. Figure 1 shows tlie growth made by Physalospora 
obtusa on malt agar ])lates containing graduated concentrations of 
each of four different arsenites and of copper sulphate. 

Table 1. — Toxicity of the separate ingraHents of certain copperAime-arsenic 
mixtures to eight phytopaihogenic fungi 


Critical conceiitration.s i for* ~ 


Toxic agout 


Criteria 


Monocalcium arsenite_ -! 

Tricalcium arsenite. 

Zinc arsenite. 

Iron arsenite-.-. 

Copper arsenite .. 

Pans green. 

Copiwr sulphate. 

Calcium oxide.. 


fOrowth. 

I Death - 
fOrowth. 

I Death— 
f Grow 111- 
i Death- . 
iOrovith. 
IDoath-,- 
/ Growth. 

1 Death .. 
/Grow'th-. 
I Death-... 
rOrowth,, 
U>eath—. 
I Growth.. 
iDeath. 


Ventu- 


Clado- 

Phyllo^ 


GUmer- 

I 

1 Physa- 

iSetero- 

via tn- 


sporium 

stteta 

Ptsinof 

ella 

tospora 

ttnta 

arqua- 


carpo- 

sotita- 

veneta 

cin- 

ob» 

/rue- 

Its 17 


philum 

ria 


gulata 

tusa 

ticola 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

0.08 

0 00 

0 04 

0.02 

0.08 

0 06 

0 02 

0.06 

.10 

.10 

.06 

.06 

. 10 

. 10 

04 

. 12 

.08 

.08 

.04 

02 

Of) 

.06 

.01 

.06 

12 

. 12 

.06 

.08 

08 

. 10 

06 

. 14 

>2 00 

:>2.00 

>2 00 

>2.1H) 

(X) 

>2 (X) 

1 IX) 

>2 IX) 



! 

_ 



1.50 

- 

>2 fX) 

>2 00 

>2 CK) ; 

: 2.00 

^2. (X) 

-2 06* 

.40 

,-^2 (X) 







.50 


>2 00 

>2,00 

50 

1 

0(1 

“i (V) 

. 10 

' 2 (X) 



1 1 (K) 

'2 tKl I 


>2 (X) 

.50 


.50 

>2 (X) 

! . 10 

1 .05 

50 

.50 

. 05 

20 

.00 


.W 

! .20 

2 00 

. fX) 1 

! .10 

l.(X) 

.10 

.20 

.10 

. 1.5 

. 20 

.30 

. 10 

.80 

.30 

45 

.m 

20 

70 

2. tX) 

.(K) 

1,00 

.40 

.40 

50 

.30 

30 

1 (XI 

.40 

.txi 

.80 

.50 

>2 (X) 

1 00 

.40 

>2 00 

.50 

>2,00 


1 The figure shown tor growth is the liijfhest concentration te.sted at w hich growth occurred in any experi¬ 
ment; for death, the lowest that always killed. > indicates that the critical concentration was greater than 
the figure shown. 

Data on the relative toxicities of each of four arsenites, two ar¬ 
senates, copper sulphate, and calcium oxide to each of six monoconidia 
isolates of Ventur}a inaeoualis are shown in table 2. The three cal¬ 
cium arsenites gave similar results and were consistently more toxic 
than copper sulphate. The tricalcium arsenate w’^as the least toxic 
compound tested in this experiment, all of the isolates being able to 
grow at the highest concentrations used. The dicalcium arsenate 
was only slightly more toxic. The toxicity of paris green w^as inter¬ 
mediate between that of the calcium arsenites and the arsenates. 

As pointed out by Palmiter (7), different isolates of Venturia inae- 
gualis may show'^ considerable variation in tolerance to toxic materials 
in the medium on which they are grown. Isolates 22 and 30 were more 
resistant to killing by the calcium arsenites than were the others. 
Isolates 22 and 17 were the more resistant ones to copper sulphate. 
















Sept. 15,1937 


Toxicity of Copper-Lime-Arsenic Mixtures 


443 



PKiUR® 1.—(Jrowth of Phymloffpora ohfma on malt ti|?ar plates containing from loft to right 0.01, 0 <V25, and 
0.05 i)orcont, resiiectivelj^of: A, Momxailcium arsenite; /f,iincarseiiite; C\ iron arsonite, /Aconiierarsonite* 
K copper suliihato. 
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Data on the toxicity of certain copper-lime-arsenic mixtures and of 
their copper-lime component, used alone, are shown in table 3. The 
copper-lime-monocalcium arsenite preparation was the most toxic 
of the mixtures studied* Sclerotim frvcticola being the only test 
fungus that was not killed by 10 percent of the reference concentration. 
The similar tricalcium arsenite preparation was distinctly less toxic. 
The paris green mixture was more toxic than the tricalcium arsenite 
preparation against certain test fungi and less toxic against others. 
In all cases it was more toxic than the zinc, iron, or copper arsenite 
mixtures. The copper-lime component, useil alone, was relatively 
low in toxicity, most of the test fungi surviving at the Inghest con¬ 
centration tried. 


Table 2. — Toxicity of the separate ingredients of certain eopper-lime-arscnic 
mixtures to ti isolates of Venturia nuieqnalis 


To\ic rtjreiit 


Monocaknurn arsenite 
Dicalcium arsenite 
''I'nailcium arsenite.. 
Pans green.. 
Dicalcium arsenate 
Tricalcium ar.senate . 
Copper sulphate- 
ralciuin oxule . . 


Critical concentration.s ' for isolate 


Ciiteim 


i/ Growth 
I (Death 
IfGro'wth 
U Death.. 

I (Growth 
\\ Death... 
(CJrowth 
I (Death . 
Growth 
Death . 
(Jrowfh 
1 )eat h 
(Jrowth 
Death 
rcirowt li¬ 
lt Death . 


15 j 17 I 

I I 


Ptrcenf 

Pircfnt j 

0 OH 

0 OH 

12 

12 1 

OH 

OH { 

12 

12 i 

OH 

.OH - 

10 

12 ; 


.50 1 

.50 

00 

1 00 


‘A (K» 

'c.i (Ml , 

' A (K) 

00 1 

OS 

10 ; 

D 

:io 

.50 

hi . 


HO 


IS 

22 

Percent 

' Percent 

0 CH 1 

1 0 12 

12 1 

IH 

OH ' 

’ 10 

10 

12 

10 

10 

12 

10 

;iii 1 

; .50 

AU I 

I 1 .50 

1 (N) 1 

1 1 HO 

•2 00 ! 

i >'l 00 

'2 00 

' A 00 

12 1 

1 

IK 1 

1 to 

' .50 1 

1 .50 



:io 

Pet cent' Pen cut 

0 OS 

0 10 

12 

u 

OH 1 

Oh 

12 ; 

14 

OH 

OH 

12 1 

12 

;i0 ! 

;io 


' :{o 

1 00 1 

50 

'..2 (Ml ; 

,•2 00 

. 2 00 . 


10 1 

u 

10 i 

IH 

.50 ' 

10 

1 

.50 


I 


' See footnote I, table 1 


Table 3. — Toxicity of certain copper-lime-arsenir 


mixtures to <S phytopathogenic 


Formulas at reference 
concentrations ' in 
grams per 100 cubic 
centimeters 


A-i. 

A+raonocalcium arsen¬ 
ite. 0 5. 

A-I-tricalcium arsenite, 
0 5. 

A-fzlnc arsenite. 1 0_ 

A +iron arsenite, 0 5. 

A fcojiper arsenite. 0 5, 
A j-Paris green. . .. 


Gritical conctMitrations ' - of reference formulas for 


(’riteriH 

1 Va- 
turia 
in- 

acfjua- 
Hs 17 

IVh- 

turia 

pvrina 

( "fatlo- 
sponnm 
cur- 
pophh 
hem 

Phyilo- 

sticta 

HOli’ 

faria 

Olorn- 
Khntoc i erelta 
re neta i cln- 
i gutnta 

Physa- 

t(Mpora 

ohtnm 

Scierih 

tima 

frnc- 

ftcola 


/Vrr<'«/i Percent 

Perce nil Percent 

Percent 

Perce nt 

Percent 

Percent 

/Grow th 

10 

20 

10 

1(1 

10 

'^100 

20 

20 

(Death 

100 

>J(k; 

>100 

HW) 

>100 

• loo 

“,>100 

> 1(K» 

/Growth 

5 

5 

2 

5 

.5 

.5 

2 

fj 

(Death . 

10 

10 

10 

10 

10 

10 

5 

2l( 

/ (Jrow'th 

5 

10 

.5 

5 


.5 


10 

(Death _ 

>10 

">HH> 

40 

10 

1(1 

KM) 

i 5 ! 

1 ' 'UM^ 

/Growth 

20 

21) 

10 

10 

10 

10 

10 

10 

(Death . 

100 

>100 


60 

MOO 

>KM) 

40 ! 

",•100 

(Growth 

«0 

00 

5 

5 

20 

10 

.5 

20 

G)eath 

-KMl 

>100 

KKI 

100 

KMI 

,.> KK) 

20 

^•KHl 

/Growth 

m 

/J 

5 

5 

,5 

10 i 

5 

10 

’Death 

iOO i 

-loi) 

100 i 

on 

00 

- 1(K» 1 

20 i 

">100 

(Growth 

10 1 

10 

' *) ’ 
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2 See footnote 1, table 1. 
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In tests with Venturia inaequaHs (table 4), the copper-lime-mono¬ 
calcium arsonito mixture was more toxic than the similar dicalcium 
and tricalcium arsenite preparations, and equally toxic to all six iso¬ 
lates used. The similar dicalcium and tricalcium arsenate mixtures 
showed little increase in toxicity over the preparation containing only 
the copper sulphate and lime. When zinc sulphate was substituted 
for the copper sulphate, a slight decrease in toxicity resulted. 

Whereas the several isolates of Venturia inaequalis differed con¬ 
siderably from one another in their reactions to the separate ingredients 
of the copper-lime-arsenic mixtures (table 2), they were rather uniform 
in their response to the mixtures (table 4). 

The failure of certain fungi to grow on media containing compara¬ 
tively high concentrations of lime suggested a study of the tolerance 
of high alkalinity by tlie test organisms. Experiments were therefore 
performed to determine the optimal pll value for growth of the test 
fungi and the upper pH limits at whh^h they could be cxpect(*d to make 
satisfactory growth for these tests. Vaiying amounts of sodium hy¬ 
droxide were added to the malt extract agar to give the desired range 
of pH. On the basis of diameter of colony, Gloinerella cingulata and 
PJIsmoe vencta made their best growth when the initial pH value of the 
medium was <S.O to 8.7, while the other six fungi grew best when the 
medium was adjusted in the range of pH 5.3 to 6.7. All eight fungi 
were able to make satisfactory growth for these tests when the medium 
had an initial pH value of 8.5. 

When th(‘ ingredients of the mixtures were used separately in the 
medium all the toxic media except those made with calcium oxide 
gave pH readings below S.5. The medium containing 0.5 percent of 
the calcium oxide, used alone, w^as too alkaline for satisfactory grow th 
of the test fungi. 
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eritloal (%ineQnt rat ions shown arc e\i»res.siHi i» |)er<'otitaK«ts of tlu«se n'lereiut* furiuulas. 

V See footnote l. table 1. 
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When the copper-lime or copper-lime-amenic mixtures were used 
the reaction was favorable for growth of all the test organisms, except 
when the amount required to kill approached 100 percent of the refer¬ 
ence formulas. For example, the copper-sulphato-lime-monocalcium 
arsenite preparation killed all the test fungi at or below 20 percent 
of its reference formula (table 3), and at the 20-percent concentration 
had an initial pH value of approximately 8.1. However, mixtures 
containing some of the less toxic arsenites did not kill until the con¬ 
centration approached 100 percent of the reference formulae. At the 
reference concentrations the media had reactions in the range qf pH 
9 to 10. 

RELATION OF THE TOXICITY OF CERTAIN COPPER-LIME-ARSENITE MIXTURES TO 
THE SUMMATION OF THE TOXICITIES OF THEIR SEPARATE INGREDIENTS 

The materials used for making certain copper-lime-arsenite mix¬ 
tures were studied separately and in the mixtures at reference concen¬ 
trations suitable for comparing the summation of the indicated tox- 
icities of the separate ingredients of a given preparation with that of 
the mixture (table 5). Since the copper-lime-monocalcium arsenite 
mixture was the most toxic material used, killing the test organism, 
Physalospora ohtusa^ at 5 percent of its reference concentration, its 
toxicity was given a value of 100 and made the standard from which 
to compute the relative toxicities of the other materials (o-J-lothal 
concentration of the given materialXI00). 


Table 5. —Increased toxicity of cotain copper-lime-arsenite mixtures to Physnlo- 
spora ohtusa as compared with the summation of the toxicities of their separate 
ingredients 


Formulas or separate ingredi¬ 
ents at reference conceiitra- 
tion.s 1 in grams per KK) 
cuhic centiinetors 


(’op{H*r sulphate, U.T.'k . . . 
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\» ... 
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* The formulas or separate ingre<iients are listed at reference concentrations, such as were used in spraying 
experiments, and the critical concentrations shown are expressed in percentages of these reference formulas. 
2 Relative tr)xi(!ity-54-killing concentration X UK) (soe text). 

2 A=the copper-lime component- CuHO^ SIIjO, 0 75 gram, phis c^alcium oxide, 0.5, i)er 100 cuhic (ienti- 
meters. 


The results presented in table 5 show that each of the copper-limo- 
arsenite mixtures tested in this experiment, except the one containing 
zinc arsenite, had a greater toxicity than would be indicated by adding 
the toxic values of the ingredients that entered into its composition. 
Copper sulphate, calcium oxide, and monocalcium arsenite, used sep¬ 
arately, had relative toxicities of 0.2, r>, and 62.5, respectively, a total 
of 73.7, as compared witli a value of 100 when those same materials 
were mixed. The zinc, copper, and iron arsenite mixtures showed 
similar increases in toxicity over the summation of the toxicities of 
the separate ingredients. Figure 2 shows the very meager growth 
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made by Physalospora obtusa when the copper-lime component and 
the zinc arsenite were mixed (^1), as compared with a niuch increased 
growth when they were used separately (B, (7). Paris green, used 
alone, had a relative toxicity of 5, wliich added to 6.2 for the copper 
sulphate and 5 for the lime makes a total of 16.2, against a value of 
50 when the materials were mixed. If the relative toxicity of the 
mixture of the copper sulphate and lime, 5, is taken instead of the 



FiorBE 2.—Comparative toxicity to Physalospora obtusa of a copper-lime-arsenite mixture and Its copper, 
Iirne, and arsenical ingredients, resjiecuvely A, Copper sulphate 0.016 percent plus lime 0.01 percent plus 
xinc arsenite 0.01 percent; li, copper sulphate 0.015 percent plus lime 0.01 percent; C, zinc arsenite 0.01 
percent. 

relative toxicities of its separate ingredients, 6.2 and 5, the increased 
toxicity of the copper-lime-arsenite mixtures over the summation of 
the toxicities of their ingredients is still more notable. 

The amount of increased toxicity of the copper-lime-arsenite mix¬ 
ture over that of its separate ingredients varies greatly vdth the test 
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Fioi're 3.—Incretised toxicity of a copiw sulphate-lime-monocalcium arsenite mixture over the summa¬ 
tion of the toxicities of its oopiw, lime, and arsenical ingredients. The data that apply to more than one 
test organism are averaged. The composition of the copper-lime-arsenite mixture and the method of 
computing the relative toxicities are shown in table 5. 


fungi, as shown in figure 3. Physalospora obtusaj the test organism in 
the experiment discussed in the preceding paragraph, being quite 
sensitive, is killed by relatively small amounts of calcium arsenite. 
Even so, it showed an increasea toxicity of the mixture over the sum» 
mation of the toxicities of the ingredients, amounting to more than 50 
percent. With Venturia imuqtmlw^ V’. pyrinUj Ehinoe veneta, and 
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Glomerella cmgulata, which can tolerate higher concentrations of the 
separate ingredients, the copper-lime-arsenite mixture had a toxicity 
06 percent gresater than the added toxicities of the copper, lime, and 
the monocalcium arsenite ingredients. With Cladosporium carpo- 
philum and Phyllosticta solitaria only a slight increase in toxicity of 
the mixture over the added toxicities of its ingredients was indicated; 
with Sclerotinia fructicola^ none. In the last case the sum of the indi¬ 
cated toxic values of the separate ingredients was 103. However, 
this was been use the lethal concentration of the copper-lime component 
Was not determined (table 3), the 100-percent concentration being 
treated in the computation as if it were lethal. Since only Venturia 
inaequalis and Phyflostieta solitarm were actually killed by the copper- 
lime component, the increased toxicity of the mixture to the other 
test fungi is really greater than that shown in figure 3. 

comparative effectiveness of copper-lime-ahsenic mixtures and of 

THEIR SEPARATE INGREDIENTS IN SUPPRESSING FUNGAL DEVELOPMENT IN THE 

VICINITY OF THEIR SOLID RESIDUES 

Results of the foregoing experiments and work reported elsewliere 
(5) indicate that copper-lime-arsenic preparations contain or liberate 
soluble materials capable of exercising fungicidal action at greater or 
less distance from their solid residues. The following limited studies 
were undertaken to gain some further evidence regarding the com¬ 
parative effectiveness of (*ertain copper-lime-arsenic mixtures and 
of their separate ingredients in suppressing the development of a 
test fungus in the surrounding medium by means of diffused toxic 
materials. 

The medium used was made of agar, 17 grams; Trommer’s malt 
extract, /5 grams; and water, 1,000 cubic centimeters: adjusted to pH 7. 
The toxic materials tested were chosen from dusts prepared for seed- 
treatment experiments, which will be reported elsewhere. One ])art 
by weight of each dust material was mixed vntli 3 parts of the agar 
medium, and tlie resulting suspension was allowed to solidify into a 
slab of standard tJiickness after thorough agitation to facilitate uni¬ 
formity of distribution of the test substance. Disks of the toxi(* 
agar suspension 5 millimeters in diameter were jihuaxl in Petri plates 
containing uniform amounts of the malt agar, which had been seeded 
by a standardized procedure with conidia of the test fungus, Oih- 
berella saubiiietii (Mont.) Sacc. The disks were inserted in the num¬ 
ber and positions shown in figure 4, just before the agar solidified. In 
control plates no toxic disks were inserted. After incubation for 4 
days at 20° (\, the plates showed a uniform development of the fungus, 
except in areas about the disks, where it had been killed or inhibited 
by the diffused toxic materials. The size of the clear areas about the 
disks is, therefore, an approximate index of the comparative efliciiuicy 
of the test materials under the experimental conditions. Illustrative 
results are shown in figure 4. The fungus grew over the entire sur¬ 
face of the control plates (A), It grew up to the edge of tlie copper- 
lime disks, though it was distinctly inhibited in a narrow zone (Ji). 
Zinc arsenite was lethal through a comparatively narrow zone (f-), 
while monocaJeium arsenite was lethal through a zone about twice as 
wide (/>). Tlie copper-lime-arsenic preparations were effective 
iJirough a substantially wider zone tlian were the arsenical materials 
that, n^spectively, entered int/o their composition (Ky F), Attiuition 
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FjfirKK 4.—Comparative etiectiveness of (certain copper-lime-arsenic mixtures and of their separate inaredi- 
cuts in suppressmjj the develoinnent of Chf^relUi Hauiftnrth in a malt-agar medium by means of dimised 
toxic materials* A, Control; ti, ooptwr-lime mixture (copiMW sulphate, 1 iJ^cent, lime, H percent); C, 
zinc arsonite; />, mouocalcium arsenite; IC, copt«r-lime-arsenic mixture (ooptw sulphate, I iiercent, lime, 
Mv percent, monocalclum arsenite. Jij i)ercent); F, copper-limc-arsenic mixture (copper sulphate, 1 T»er- 
ceut, hrae, U jjeroent, monocalcium arsenite, h tierceiit). The mixtures vrere prejiared as for spraying, 
liltered, dried, and ground. (See text; 
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is invited to the fact that in these experiments the several test ma¬ 
terials wore compared in equal amounts by weight, rather than in 
the proportions in which they were used in the mixtures. 

In similar experiments the initial reaction of the medium was varied. 
The copper-lime-arsenic preparations used were capable of exerting a 
substantial toxic action by means of inaterials that diffused from the 
solid residues into the surrounding medium, whether its initial reaction 
was alkaline, neutral, or acid. Similar toxic action by the copper- 
lime ingredient was much less at all reactions tried, being practically 
nil in the alkaline range, slight at neutrality, and somewhat increased 
in the acid range. 

The properties just discussed account in part for the high eradicant 
effectiveness of copper-lime-arsenic mixtures against fungal fruiting 
structures, and suggest possible adaptations of these materials for 
combating seed- or soil-borne pathogens. 

DISCUSSION 

The literature on the toxicity and fungicidal use of arsenical com¬ 
pounds and copper-lime-arsenic mixtures has been surveyed by Keitt 
and Pahniter (5). 

In confirmation of the conclusions of Keitt and Palmiter (d), the 
results of the toximetric experiments reported herein show that suita¬ 
ble copper-lime-arsenic mixtures have powerful fungicidal properties, 
and that their toxicity can bo varied through a wide range by modifi¬ 
cations of formula. A striking feature of these studies is the high 
and comparatively uniform toxicity of certain copper-lime-arsenic 
mixtures to all the test fungi used. 

The fact that the toxicity of tlie copper-lime-arsenite mixtures 
studied was usually greater than the summation of the toxicities of 
their separate ingredients is of interest, both in relation to their 
superior fungicidal effectiveness in spraying experiments (/7) and for 
theoretical considerations. The reasons for tliis increased toxicity of 
the mixtures have not been investigated. It is noteworthy, however, 
that these mixtures contain both a toxic anion and a toxic cation. 
Furthennore, there are manifold possibilities of changes in toxicity 
incident to chemical reactions and physiochemical changes in such 
complex preparations. 

The ability of suitable copper-lime-arsenic mixtures to liberate 
soluble materials capable of diffusing through an acid, neutral, or 
alkaline medium and exercising fungicidal action at considerable 
distances from the undissolved residues is an important factor in 
their effectiveness as fungicides (5). 

SUMMARY 

The toxicity of certain copper-lime-arsenic mixtures and of their 
separate ingredients was studied by a modification of the method of 
Senmitz et al., using as test organisms Veniuria inaequalis^ V, pyrina^ 
Cladosporium carpophilum, PhylhsHcta soliiaria^ Elsinoe venetCy 
Olomerella cingulcda, Physalospora obiusay and Scleroiinia fruciicola. 

Suitable copper-liine-arsenic mixtures were highly toxic to all the 
test fungi. The toxicity of such mixtures could be varied through 
a wide range by modifications of formula. 
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('^oiiper sulphate-lime mixtures hail relatively low toxicity. 

The toxicity of the arsenical compounds tested varied tlirouj^li a 
wide range. Moiiocalcium arsenite was the most toxic, usually being 
from 3 to more than 10 times as toxic as copper sulphate, depending 
on the test fungus used. Tricalcium arsenite was slightly less toxic. 
Zinc and iron arscnites were comparatively low in toxicity, while pans 
green and copper arsenite were intermediate. Tricalcium arsenate 
was the least toxic arsenical compound tested, and dicalciurn arsenate 
was only slightly more toxic. 

Six monoconidial isolates of Ventnria ivaeqmlis showed about as 
much variation in reaction to copper sulphate and certain arscnites, 
re^ectively, as did species of six other genera. 

The toxicity of the copper-lime-arsenite mixtures studied usually 
exceeded the summation of the toxicities of their separate ingredients. 

It is shown in tests wdth Gibberella saubinetii that suitable copper- 
lime-arsenic mixtures liberate soluble materials capable of dilfusing 
through an acid, neutral, or alkaline medium and exercising fungicidal 
action at considerable distances from the undissolvcd residues. 
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RESTORATION OF VIRULENCE OF ATTENUATED CURLY 
TOP VIRUS BY PASSAGE THROUCJH SUSCEPTIBLE 
PLANTS ^ 

liy C. F. Lackey ^ 

Aasislaat 'paihologistj Division of Sugar Plant Invesligationsj Bureau of Plant 
Industry^ United States Deparlmeyii of Agriculture 

INTRODUCTION 

The sugar-beet curly top virus, after passage through Chenopodium 
inurale L., was showui by Carsner ^ to produce mild effects when sub¬ 
sequently inoculated into sugar-beet plants. This indicated change 
enough to warrant the designation ^'attenuated virus.The writer 
has shown tliat other plants may function similarly^ and that virulent 
curly top virus, after it has been attenuated by passa|?e through 
(\ mu rate y may be restored to its original condition of virulence, or 
nearly so, by a single passage through chickweed, Stellaria media 
(L.) Cyr.® 

In nature, restoration of virulence by passage through Stellaria 
media ])robably does not play an economic role, since this plant is 
(‘ommon only in moist, shady locations, unfavorable to the curly top 
vector, Kutettix tenellufi (Baker), If, however, sugar beets in a very 
suscei)tiblc stage or some of the important weed hosts of the beet 
leafhopper known to be susceptible to curly top were found to act in 
a manner siinilar to that of media in restoration of virulence to 
attenuated virus, tlie findings might have a bearing on the curly top 
situation. Work was undertaken on sugar beets in the seedling stage 
and on alliloria, Krodium cieuiarium (L.) LTR^r., a host plant occur¬ 
ring in considerable abundance in many leafhopper breeding areas. 
Later, peppergrass, Lepidiurn nitidum Nutt., which is also an im- 
])ortant host, was tested. These plants were known to be highlv 
susceptible to virulent curly top virus. In the case of alfileria, it is 
known that the curly top virus can be carried through the winter on 
this spcH-ies and it may be a winter and early-spring host plant in 
California for the beet leafhopper. Severm*^ includes peppergrass 
as one of the important overwintering annuals for this insect. 

MATERIALS AND METHODS 

The experimental procedure used in the tests has been described." 
The virulent curly top virus was first attenuated by passage through 
(%enopodinm murale. This attenuated virus was then inoculated by 
means of leafhoppers into the susceptible plant, after which the vini- 

' Kecoived for i>ubli(‘Htion Feb. 10, 1937; Issued OHober 1937. 

2 Acknowle<}ginent i.s made to Kubanks Carsner and N. J. Giddiiijjs, senior pathologists, and O TI, Coons, 
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inanascript. 
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leiico of the virus was determined by transmission to young, fast¬ 
growing sugar beets in the two- to four-leaf stage. As \i control in 
each test, inoculations wttc made with the virulent virus before and 
after its passage through C. murale. 

In the first experiments with alfileria, the typo of symptoms was 
described as mild or severe as in the work reported for SieUaria media J 


V.* 


.-r“ 






IiGURE 1.—Curly top-infected beets showing range of severity of syniploras: A, Mild, grade 2, n, inter¬ 
mediate, grade 3; C, more severe, grade 4; and i>, extreme dwarfing, grade 5. (tirade 1, mild resixmse char¬ 
acterized by veinlet clearing only, not Illustrated.) I tu 

In later experiments a grading system to express severity of the 
^mptoms on test plants as developed by Giddings® w^as adopted. 
The affected plants w^ere classified in five grades based on response, 
as follows: 

(1) Mild response. No stunting or dwarfing; veinlet clearing or slight vein 
enlargement only visible symptoms, 

(2) MUd response. Little or no dwarfing; veinlcts cleared, vein roughening and 

some leaves, and leaves sometimes curled (fig. i, A). 

• 1 response .—Some dwarfing and stunting, practically all leaves 

in volved; lea ves somewhat curled, vein roughening on nearly all leaves (fig. 1, B). 

7 Lackey, C. F. See footuote 5. 

Ph^t^ttoligy■»; 773-7TO“}Stey'‘iiB7!““” testing besistance to curly top in sugar beets. 
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(4) More severe reaction .—Dwarfing severe, leaves markedly curly or distorted, 
veins conspicuously distorted and rougliened (fig. 1, C). 

(5) Extreme dwarfing .—All symptoms of preceding grade v(‘ry iironounced; 
plants nearly killed (fig. 1, />). 


EXPERIMENTAL TESTS WITH SUGAR BEETS 

Sugar beets (Beta vulgaris L.) in the cotyledon stage, the two- to 
four-leaf stage, and the six- to eight-leaf stage were tested for their 
effect on the attenuated virus from Chenopodium murale. The coty¬ 
ledon beets showed 63.8 percent infection with an average severity of 
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virus after passajje through cw^)t>le(1on t>e€ts; attenuateil \irus untreated, C\ original virulent virus. 
(NuiiUiers alwve histograms indicate average grade of severity of symptoms for each treatment.) 


2.31; two- to four-leaf beets, 42.2 percent infection with an average 
severity of 1.91; and the six- to eight-leaf beets, 34.0 percent infection 
with an average severity of 1.34. Twenty-three tests in which two- 
to four-leaf beets were inoculated with the original virulent virus gave 
an average grade of severity of 4.29 (fig. 2). Table 1 is a summarj- 
of the results of 2 years' trials with these various-sized beets. 

The cotyledon beets showing symptoms severe enough to grade 4 
and 5, comprising 13.4 of those infected, were tested for their effect 
on the attenuated virus. It is evident (table 2) that some degree of 
restoration was obtained by passage through cotyledon beets. In the 
course of these tests with sugar beets, two cases occurred in which 
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some iricroase of virulonoo rosulte<l from passa^o of tlio virus throu^li 
sugar boots in ilio two-loaf stage. Beets witli six to oiglit loaves did 
not inoroaso the virulcno.o of tlio attoiiiiatod vir\is. Table 2 siun- 
inari/iOS the results of tlioso ox})orimcuts, wlii<‘Ii are i)rcsentod in more 
detail in the histograms in figure 2. 

As an additional measure of the effect of passing the attenuated 
virus through cotyledon beets, the infected test beets in several exper¬ 
iments were weighed 8 to 10 weeks after inoculation. The beets 
inoculated with the attenuated virus averaged 15.16 g, green weight; 
while those inoculated with the restored virus averaged 7.87 g. 


Table 1. —Summary of all experiments in which sugar beets in the cotyledon stage 
and those in the 2- to Sdeaf stages were inoculated with the attenuated virus 


Size nf beets when inoculated 


Cotyledon stage 
2‘ to 4-loaf stago- 
0- to 8-leaf stage 


Beets 

inocu¬ 

lated 


Number 

304 

05 

103 



Average 
grade of 
seventy 

Infected beets in each grad© of severity ‘ 

Beets 

infected 


2 

3 

4 

— — 

_ 

Percent 


Percent 

Percent 

Percent 

Percent 

Percent 

Cui S 

2 31 

IN 0 

4f} W 

21 1 

10.8 i 

2 6 

42 2 

1 1)1 

38 0 

to 5 

4 7 

9 .5 

0 

.34 0 1 

J 34 

fig 0 

.31.4 

2 9 

0 1 

0 






1 

♦ 


I Percentages buse<i on number of infected beets 

Table 2. —Restoration of virulence of attenuated virus by passage through cotyledon 
' beets 


Treatment of virus used 


Passed through cotyledon lieets .. 

Not i)as.sed through cotyledon beets .. 


Exiiei 1- 
ments 

j Test 1 
i plants j 

1 lated j 

7'est i 
plants 1 
infected j 

Aveiage 
grade of 
severitj 

Number 

j Number | 

Ptreenf ' 


32 

500 ! 

73 1 

3 2:{4r0 11 

2o 

! 1 

50 ' 

i 01-fc 10 


EXPERIMENTAL TESTS WITH ERODIUM CICUTARIUM (ALFILERIA) 

Evidence from the first experiments indicating that passage of the 
attenuated virus through alfileria may restore the virulence is shown 
in table 3. All cases in which some degree of restoration was obtained 
are included in this resume. From the' data given in table 3, it is clear 
that after a single passage attenuated virus may be so restored in 
virulence as to produce severe symptoms on the test beets. These 
results are comparable to those reported for Stellaria media in that 
there were many cases in which alfileria did not restore the virulence 
of the attenuated virus. 


Table 3. —Results of passing the allenuated and virulent forms of curly top virus 

through alfileria 


Treatment and form of virus used 

Beets 

inoculated * 

Beets 

infect4^d 

Type of 
syraptonus 

Not passed through alfileria: 

Number 

Percent 


Virulent... 

5 1 

00 

Severe. 

Attenuated_____ 

Passed through alfileria; 

2.5 

1 

8 

Very mild. 

Virulent... . , , 

40 

60 

Severe. 

Attenuated... 

52 

.52 

Do. 


1 3 to 6 teafUopiiers were fed on each test lieet for 3 to 4 days. 


‘ Lapkey. C. F. See footnote 5. 
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Tlie results of later and more extensive experiments are summarized 
in table 4. Only 50 percent of the alfileria plants inoculated with 
attenuated virus showed symptoms of curly top. About 90 percent 
of these diseased plants were tested for their effect on the attenuated 
virus. Of these, only 20 percent increased the virulence of the virus 
to some degree. Before passage through alfileria, the attenuated 
virus produced only 32 percent infection on the test beets, with an 
average grade of severity of 1.82, as comparec! with 63 percent infec¬ 
tion, with an average grade of 3.23, after passage through alfileria. 
This demonstrates that alfileria occasionally increases the virulence of 
the attenuated virus. 


Table 4. —'Reatoration of virulence of atienuaied virus by passage through alfileria 
[Summary of ex ikcri men Is conduct <*d at Riverside, ('’alif , liWLIMl 


i 

1 

'rrcattnenl of virus usc<l j 

1 

Kviieri- 

nicnts 

'rest ! 
j plants ] 
inocu¬ 
lated 

Test 

plants 

infected 

Average 
liirade of 
severil> 

Vflcr i>jissa}?c through uUiloria. _ . 

Before pHNWiRO through alfileria . ... i 

Number 

55 

45 

.Vw mber 
1,574 
H40 

J^trcfut 
53 ' 
32 j 

1 ' 

1 3 ZW) 

1 . Of) 


In 17 of these experiments test beets were inoculated with the 
original virulent virus. The average grade of severity of symptoms 
produced by this virus was 4.22 (fig. 3). 

The liistograms in figure 3 show what percentage of the infected 
test beets fell into each grade of severity. The test beets infected 
with the attenuated virus after passage through alfileria show^ed 
symptoms that jilaced a majority of them in grades 3 and 4 and a 
few in grade 5, Figures 4 and 5 show' this variation in degree of 
sev(*ritv of svm])tonis expres.sed by the attenuated virus after restora¬ 
tion. On tlie other hand, the attenuated virus before treatment 
produced svmptoms which in the greatest number of cases graded 
1 and 2. AVhile most of the test beets inoculated with the original 
virulent virus showin! symptoms grading 4 and 5, some of these plants 
exhibited symptoms mild enough to put them in graile 1, 2, or 3. As 
shown in studies on restoration through Stellaria medloy^*^ the appear- 
an<‘e of mild symptoms on some of the test beets that had been inocu¬ 
lated with the restored virus or w ith the original virulent virus appears 
to be an individual plant response in some instances. An apparently 
(‘omparable situation sometimes develops in the case of alfileria, 
as illustrated in figure 5. Transferring virus from such mildly affectecl 
])lants to test beets resulted in severe symptoms in the majority of cases. 

EXPERIMENTAL TESTS WITH LEPIDIUM NITIDUM (PEPPERGRASS) 

The attenuated virus used in the test with Lepidinm nitidum 
was from two sources. The first lot had been attenuated by passage 
througli Chenopod'mm murahy as in all the previously mentioned 
experiments on restoration. The second lot was obtained from leaf- 
hoppers collected in the field from natural breeding areas. Only 40 
])er(*ent of the A. nitidum iilants inoculated w ith the attenuated virus 
became diseased, and 70 percent of these infected plants increased the 
virulence of the virus. The histograms in figure 6 show' the results 
of these tests. The attiuiuated virus harl>ored by field coUeefions 


(’. F. See footnote^ Ti. 





458 Journal of Agricultural Research voi. m, no. 6 



12345 12345 12345 

severity of symptoms (grades) 


FroiTRE 3.- Histograms showing distribution of symptoms in the different grades of severity on test t>eets 
infected with the attenuated virUvS before and after passage through alflleria* ^1, Attenuaied virus after 
passage through alfileria; B, attenuated virus untreated. C, original Mrulent virus (Numbers a>K>\e 
histograms indicate the average grade uf all test lieets for the different treatments } 



•’“ts hy restored and l.y untreiite<I attenuated virus: Pot A. I.y 
amterto*^ passage through alflleria; pots B\ and m, hy the same virus after ]>assage through 






b louftK r» “ Symptoms pnxluwd by Hu* rest<»red and the untri^lefl attenuated virus on last beets. Pot A, 
by attenuated \irus before pjissaue through alfiieria, pot H, by the same virus after passage through 
ululeria, showing variation in individual plant resjionse to infection. 



Fkji'ue C.—Histograms sliowdng distribution of symptoms in the different grades of severity on test lieets 
infected wiUi the attenuated virus before and after passage through Lepidium nitidum: A, Attenuated 
virus from field collection of insects, i)as8ed through Lepidium nitknm; B, attenuated virus, from field 
collection, untreated; C, attenuated virus, from Ckmopodium muraU, passed through lepidium nitidum' 
/>, attenuated virus, from C. murale, untreated. (Numbers above histograms Indicate average gt^es of 
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of leaflioppers, with an average grade of 2.19, was not attenuated so 
much as the virus that passed tlirough ( 7 . murale, with an average 
grade of 1.81. It would appear at first glance at the histograms that 
the attenuated virus from the field leafhoppers was restored to a 
greater degree, but it showed an increase in the average grade of 
severity of only L20 grade points while the attenuated virus from 
C, mnrale showed an increase of 1.36 grade points. The reaction to 
passage through peppergrass by the attenuated virus from the two 
soiu'ces is therefore very similar. Table 5 summarizes all the tests 
made with these two lots of attenuated virus. The average grade of 
severity before and after treatment is practically the same as that in 
the restoration tests with alfileria. 


Table 5. —Restoration of virulence of attenuated virus by passage through LepUUum 

nitidum 


Trcfttnieiit of virus used 


,\fter passage through Lepidmm nttuinm . 
Before passage through Lepidium nthdum .. 


ExtJeri* 

nients 


'I’t'M ! 

Ax eras*' 

! plants in- 

plant sin-l 

prark' of 

Dcuhited 

f ectoil j 

seventy 

Xurnhrr 
1.} 1 

X umber 1 
IV) 1 

1 

1 Percent \ 

'' M 61 1 3 2 r >:+-0 27 

n ! 

1 

- i 

on U j 

2 101. f.0 


DISCUSSION 

The economic bearing of tlie studies with wild hosts on the curly 
top problem will require further investigation in the field. Ifow^ever, 
the experimental evidence wdth young sugar beets suggests that an 
increase in the virulence of the virus may occur under field con¬ 
ditions also. 

Observations on alfileria indicated that virulence restoration 
occurred most fre([uently in plants that wi^re growing rajiidly. To 
test the correctness of this idea, ])lants of difl'erent ages were fertiliz(‘d 
wdtii nitrogen (ammonium sulphate) 10 days before inoculation. 
When very young alfileria, plants or tliosi* given (‘xtra nitrogen wcu’i' 
used, a greater number became severely diseased and restored Iht^ 
virus. wSimilarly, inoculation with eight leafhojipers resulted in moie 
cases of severe infection and consequently moie jilants producing 
restoration than when inoculations were made with two leafhopjiers. 
None of these various procedures had any [ironounccd eflect on the 
degree of restoration attained. 

SUMMARY 

Virulent curly top virus, attenuated by passage through Chetio- 
podium murale, has been occasionally restored in virulence by passage 
through cotylcdon-sized sugar beets. 

The appearance of mild symptoms on a few test beets inoculated 
with restored virus or wdth the original virulent virus seems in some 
cases to be an individual plant response, since virus from some of 
these beets produces severe symptoms on the majority of young te>st 
beets to which it is transferred. 

Alfileria clcutarium) and jiepjiei-grass (Lepiditim nitidum) 

also occasionally ri'store the virulence of the attenuated curly top 
virus. These plants are important overwintering hosts for both the 
leafhopper vector and the virus. 

The probable economic aspect of these investigations is suggested. 



BIOLOGICAL VALUE OF CASEIN AS A SUPPLEMENT TO 
THE PROTEINS OF BARLEY IN RATIONS FOR PIGS' 

By E. H. Hughes 

Animal husbandman^ California Agricultural Experiment Station 
INTRODUCTION 

It has been showji at the C^alifornia Agricultural Experiiiieiit 
Station by Thompson and Voorhies (7)- and by Hughes (2) that 
barley, when fed as the only source of })rotein, does not produce 
optimum growth in pigs. Protein-rich concentrates like iish meal and 
tankage or dairy byproducts wdien used as sup])lemcnts to barley, 
produce more rapid growth. Such concentrates, however, contain 
other nutrients than protein, which makes it unsafe to conclude that 
the protein is responsible for the results obtained. Casein, since it 
has been used by^ biologists in similar studies with smaller animals 
than the pig, and since it is relatively’^ low' in cost, w'as used as a 
sup])lenient in the studies reported here to determine whether or not 
the proteins of barley are present in amounts necessary' for the rai>id 
<lcveloi)mcnt of the pig. 

EXPERIMENTAL DATA 

In June 1920 two pigs about 50 pounds in weight, having free access 
to direct sunlight, were ])ut on a diet of rolled barley, salt, and cod- 
liver oil. The.v grew' very slowdy and became stiff in the joints. 
Early in January of the following year calcium carbonate wuis added 
to the diet. At I year of age the })igs w^eighed only 162 pounds. 
It was believed that the diet was sufficient in all knowui factors for 
some grow th, but the pigs had not gained in wreight for some time. 
The only protein in the ration was that of bariey. Casein w^as added 
to the diet and an immediate response was manifested by increase in 
weight, thrift, and appetite. During the following 3 months tJie 
])igs made an average daily gain of slightly' more than 1 pound and 
became nonmil in health. 

The results of this exj)erimcnt were significant, but the number of 
animals used was too small to make possible any definite conclusions; 
therefore, a similar experiment on a larger scale w'as conducted in 
1931-32. Two groups of eight pigs each w'ere divided as nearly as 
])ossible into comparable lots. Each group was placed in a coneVete 
lot wdth free access to direct sunlight, and the pigs w'ere fed all they' 
w'ould consume of the followdiig diets: 

Group 1. Rolled barley, 98 percent; Bodiiun chloride, 1 percent; calcium car¬ 
bonate, 1 percent; and 5 cc of cod-liver oil each daily (basal diet). 

Group 2. Rolled barley, 96.5 percent; sodium chloride, 1 percent; calcium car¬ 
bonate, 1 percent; casein, 1.5 percent; and 5 cc of cod-liver oil each daily. 

The results of this experiineut are smnmarized in table 1. 

1 Received for publication Mar. 9,1037; issued October 1037. 

* Reference is made by number (italic) to Literature Cited, p. 465. 
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The average beginning and final weights were, for group 1, 23.3 
and 94.6 pounds; and for group 2, 25.0 and 203.8 pounds. During 
the first part of the experiment the pigs fed casein (group 2) gained 
tliree times as fast and were more economical in their use of food 
than were the pigs fed protein supplied only by the barley (group 1). 
Each pound of casein fed to the animals in group 2 had a replacement 
value of 49.5 pounds of the basal feed. When casein was added to 
the diet of group 1, at both the 1.5- and 5-porcent levels, there was an 
immediate response in increased appetite, rate of gain, and economy 
of feed utilization. The pigs did not gain as rapidly at either level 
as the pigs in group 2; however, they did consume less food for a 
unit of increase. Tt is postulated that this was due to a lower main¬ 
tenance requirement because of a marked diflcrence in the size of the 
pigs in botli lots. When the casein level was increased to 5 percent 
the animals in both groups gained more rapidly and consumed less 
food for 100 pounds of gain than at any other time during the progress 
of the experiment, the protein level being apparently more nearly 
optimum for pigs at this stage of growth and development. The rate 
of gain in both groups was just about twice as rapid as when casein 
was fed at the 1.5-pcrcent level. 

T\ble 1 .—Summary of data from the second and third experiments to show the effect 
of adding casein to the basal diet of pigs when the sole ether source of protein was 
barley 

SKOOXn FXPEHIMK\T> 



Group 1 

Group 2 

Feeding i>eriod and diet 


Feed con- 


j Feed con- 

Average 
(iail> gam 

sunied iier 
100 ixmnds 
gain in 

Average 
dail> gam 

, suined jier 
! 100 pounds 
gain in 



weight 


1 weight 

May 23 to Dec. 12, 1931 (group 1, ba.sal diet: group 2, 
1.5 percent casein added)... 

Pou nd/t 

Pounds 

Pounds 

1 

1 Poundn 

0 16 

8H6.7 

0, 50 

608.9 

Dec. 12, 1931, to Jan. 23, 1032 (tKitti groups, basal <liel ' 





plus 1.6iiercent casein). ... 

Jan. 23 to Feb. 13, 1932 (both groups, basal diet plus 

39 

493.9 

.77 

' .629.9 

1 

5 percent casein).... . . ' 

SH 

310 0 

1.46 

1 339.3 

Feb. 13 to Mar 5,1932 (bot h groups fed basal diet only) ^ i 

14 

2, 265.0 

.74 

' 711.3 

THIRD EXPERIMENT * 




May 12 to Oct. 6,1934 (group 1, basal diet, group 2,1.6 




1 

Iieroent casein added)....1 

Oct. 6,1934, to Jan. 10,1935 (both groui»s, ba.sal diet plus ! 

.36 1 

677.6 

.62 

! 431.8 

! 

1 5 percjent casein)-... 

1 20 

3 446.1 

1.37 

1 438.0 


‘ Groups of 8 pigs each. 

* Groups of 10 pigs each. 

^ One pig was “oil feed” for some time and died the day the exfieriment closed. 


While the last period was only a short one, the results are signih- 
cant because of the immediate decrease in daily ^ain by both 
groups and the large increase in food consumption required for a unit 
of increase in weight. The pigs in group 1 reverted to their original 
rate of gain, and while the pigs in group 2 were much larger and were 
fattening, their rate of increase dropped from 1.46 to 0.74 pounds per 
head daily. 

A third experiment was conducted in 1934 to further check the 
results already obtained. This experiment was begun May 12, 1934, 
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and concluded January 10, 1935. Two groups of 10 pigs each were 
fed diets similar to those previously used. The average beginning 
weight for botli groups was 29.6 pounds. The conditions of the ex¬ 
periment, including the grouping of the pigs and the size of the pens, 
were the same as before. To be sure that a lack of Autamin A would 
not influence the results, each pig in both groups was given 5 cc of 
cod-liver oil daily until July 21, and from that time until the experi¬ 
ment was concluded each was given 10 cc. The results arc presented 
in table 1. 

In this experiment tlie pigs were larger and thriftier at the begin¬ 
ning than those of the second experiment and were not fed so long in 
the lirst period, wdiich may in part account for the difference in the 
rate of gain and the replacement value of the protein when the results 
are compared with those of the second experiment. Each pound of 
(‘asein fed group 2 liad a replacement value of 22.5 pounds in terms of 
food saved over that fed group 1. During the second phase of this 
(experiment the pigs in both groups gainecl more rapidly than in the 
lirst period, which is in agreement with the results of the other experi¬ 
ments. While in some (letails the results of this test differed slightly 
from those of the preceding one, in principle they were the same. 

In 1936 a fourth experiment was concluded which differed some¬ 
what from those already reported. Osborne and Mendel (3) had 
reasoned that the failure of ('creal proteins as they are generally fed 
is due to a lack of sufficient total cereal protein. In an effort to prove 
or disprove this theory and to obtain further infonnation on the orig¬ 
inal subj(‘ct, barley proteins fed group 1 w-ere increased to a point in 
(*xcess of that fed grouj) 2, which received barley and casein. This 
was done by tidding dried brewers' grains from which some of the 
hulls had been removed (the material removed was a mixture of hulls 
and some gi*ain). Since the addition of dried brew^ers’ grains to the 
diet of group 1 increased the fiber content, barley hulls w’ere added to 
the mixture fed group 2 to make it comparable in this respect. The 
total crude protein fed groups 1 and 2 was respectively 11.12 and 10.42 
])ercent. Tlie liber content of the ration fed to group 1 w^as 1 percent 
higher than that of the ration fed group 2. It is probable, however, 
that there was little difference in the amount of fiber consumed by the 
pigs in the tw^o groups since those of group 1 left considerable quan¬ 
tities of hulls in the bottom of their feeder. 

wSince commercial casein contains lactoflavin, and the results of other 
experiments with hogs at this station (unpublished data had indi¬ 
cated that this factor is necessary for normal growth, it w as deemed 
expedient to feed a third group of pigs casein w^ashed free of this factor. 
The casein w"as w ashed by the method of Evans,Lepkovsky, and Miirphy 
(f), modified by that of Supplee, Flanigan, Hanford, and Ansbacher (6*). 

The crude protein and fiber content of the diets fed groups 2 and 
3 were the same. 

The diets were: 

Group 1. Kollod barley, 88 i>ercent; brew^ers’ grains (dried), 10 percent; sodium 
chloride, 1 percent; calcuim carbonate, 1 jxjrcont; and 10 cc of cod-liver oil each 
\veekly. 

Group 2. Rolled barley, 91 percent; barley hulls, 5 percent; casein, 1.5 per¬ 
cent: sodium chloride, 1 percent; calcium carbonate, 1.6 percent; and 10 cc of 
cod-liver oil each weekly. 

Group 3. The same as for group 2 except that the casein fed was washed free of 
lactoflavin. 
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Tlie physical conditions of this experiment, including the giouping 
of the pigs and the size of the pens, were comparable to those of the 
other experiments. The experiment was begun Juno 6 and concluded 
October 31, 1936. There were eight pigs in groups 1 and 2 and five 
pigs in group 3. 


Table 2. —Suminary of data from the fourth experiment to show the effect of adding 
commercial casein and casein washed free of lactoflavin to the basal diet of pigs 
when the sole other source of protein was barley 

[Experiment begun June 0 and concluded Oct. 31, 1936, 8 pigs in groups 1 and 2 and 5 in group 3] 





1 Feed con- 

Group 

no 

A verairo 
initial 

H eight 

A\erase 
daily gain 

I sinned per 
100 pounds 
gain in 




weight 

_ 


Pounds i 

Pounds 

j Pounds t 

1 

1 39 .3 i 

1 0 61 

m 0 i 


1 ^ ; 

J 12 

320.4 i 

^ i 

34 4 1 

i . 57 

! 423 7 


In this experiment as in the others the pigs fed casein (group 2) 
gained much faster and consumed less feed for 100 pounds of gain than 
those (group 1) fed only barley proteins, even though the total protein 
in the diet of group 1 was greater than that of group 2. In this (*ase 
each pound of casein in the diet of group 2 liad a replacement value of 
about 13 pounds of the diet fed group 1. However, if the results of 
this experiment are compared with those for animals fed only barley 
as shown in table 1, it will be found that the additional protein sui)- 
plicd by brewers^ grain did result in increosing the daily gains and in 
decreasing the amount of feed required for 100 pounds of gain. 

The pigs in group 3 (fed casein washed free of lactoflavin') gained 
no faster than the pigs of group 1 and consumed more h'ed for a unit 
of increase than either of the other groups. 

DISCUSSION 

In the experiments reported herein where the proteins of barley 
were the only source of protein for young growing pigs the rate of 
growth was slow. This agrees with the finding of Steenbock, Kent, 
and Gross (J) and with that of McCollum, Simmonds, and Parsons (S). 
Osborne and Mendel {4), however, reported that barley proteins are 
adequate as a whole in the nutrition of growth, and that several of their 
rats grew to largo adult size without any other source of protein. 
The growth increase in their rats, however, was not consistent. 

The addition of casein to the diet in the present experiments reduced 
considerably the amount of feed req^uired for a unit mcrease in weight. 
Its value in replacing barley vaned; however, 1 pound of casein 
supplanted more than 20 pounds of barley, except in the fourth 
experiment when it replaced about 13 pounds. In tliis case barley 
proteins wore increased by the addition of dried brewers^ grains to 
a point above that of the other group fed barley and casein. The 
results of these studies indicate that barley is deficient in some essential 
factor or factors necessary for normal growth and weight increase in 
the young pig. 
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That the total amount of protein in barley is probably a factor of 
importance is indicated by the fact that when dried brewers' grains 
were added to barley, thereby increasing the total barley proteins 
fed, the gains made were greater and the amounts of feed consumed 
for a unit of gain were smaller than when barley was fed alone. 

Some uncertainty^ exists as to the reason for the beneficial effect of 
the addition of casein. The ((uantity of the protein and the lactoflavin 
content of the casein have been considered. Pigs fed unwashed 
commercial casein (group 2, experiment 4) gained twice as fast as 
pigs fed the same diet at the same time except that casein (from the 
same sack) washed free of lactoflavin was used. 

SUMMARY 

Young growing pigs fed a diet in which the proteins of barley were 
the only source, of protein grew very slowly and required large quanti¬ 
ties of feed for a unit of increase in weight. 

When casein was added to such a diet there resulted a marked in¬ 
crease in rate of growth and a large reduction in feed required for an 
increase in body substance. 

Wlien the barley proteins in the diet w'ere increased by the addition 
of dried brewers’ grains, the gains were more rapid and the feed con¬ 
sumed for 100 pounds of gain were less than when only barley was fed. 

The possibility that the lactoflavin in casein is responsible for its 
beneficial effect when added to barley is suggested. 

l.ITKR.\TURK CITED 

(11 II. M., Lki'k<a>k5, .s., and McKPin, E. \. 

1!W4. THE SPAHINO ACTION OF F.AT ON VIT.AMIN Ji. VI. THE JNFI-VENOE OF 
THE I.EVKI.S OF I’ltOTFI.N AND VITAMIN o. .loiir. Hiol. Chciii. 107: 

•120-437, ilhit;. 

12) lit ouEs, K. H. 

1027. THE I’EEDINO VAI.CE OF KAISINS AND DAIKY K\-I>Uom,CT'^ FOH (.KOW- 
ING AND FATTENING .sAMNE. Calif. Agr. E.\]>1. Sla. Itull. 440, 
12 ])))., illus. 

(.3) !McCoelvm. E. V.. Simmonds, X., and Pausons, H. T. 

1010. SCPFI.EMENTABY KF.I.ATlONSHIP.s BETWEEN THE I'HOTElN.s OF CEKTAIN 

si-.ED.s. .Tour. Riol. Cheiu. 37: 15.5-178, illiis. 

(4> (I'BOKNE. T. H., and Mendel, L. R. 

1020. .NirmiTlVE AAI.I'V. OF THE PROTEINh OF THE BAUEEi, O.AT, KAE, VNI) 
WHEAT KEiiNEi.s. Joiir. Biol, ('lioiii. 41: 275-300. illus. 

(5) .■'iFENHocK, H., Kent, II. E , .ami (liioss, K. (1. 

1018. the dietaua' (irAi.iTiF>- of baiilea. Jour. Biol. ('liom. 35: 01-74, 
illus. 

(0i M ri'T.vi:, (t. C., Fi.AMiiAN, (1. K., IIanfoud, Z. M., and .^nmiacuer, S. 

1930. EACTOFEAVTN, A POS.sIBLK CONTAMINANT OF VITAMIN-FIIEE DIETS. 

Jour. Biol. ClH'in. 113: 787 -702, illus. 

(7) Tno.MP.soN, .1. I., and Voohhie.s, E. C. 

1022. Hoc FEEDING EXPEUiMENTs. Calif. -Vgr. Exiit. Sla. Bui. 342, pp, 
|373j 300, illiKs. 




EFFECT OF PROTEIN DEFICIENCY IN THE RATION ON 
THE AMOUNT OF FEED CONSUMED BY LAMBS ^ 

By John I. Miller 

Instructor in animal husbandry^ New York (Cornell) Agricultural Experiment Station^ 

INTRODUCTION 

In studies of the nutritive value of proteins in which biological 
values are to be calculated (3) it is necessary to know the losses of 
endogenous and metabolic nitrogen. To measure such losses, the 
experimental animals are fed diets which contain no nitrogen, or 
very little. Since diets of this type are not only deficient in protein, 
but are radically different from ordinary diets, certain difficulties have 
been experienced in using them. 

A serious limitation in the use of most of the nitrogen-free or low- 
nitrogen diets has been the difficulty of obtaining adequate feed 
consumption. With the possible exception of swine, it has been 
found almost impossible to induce experimental animals to consume 
satisfactory amounts of these diets for the desired length of time. 
In most cases when such diets were readily consumed, they contained 
a certain amount of some high-protein feed wdiich w as adde(l specifically 
to increase the palatability. 

A palatable ration, free from nitrogen or very low in nitrogen, 
has been particularly dilficult to devise for lambs. An attempt was 
made at tins station (7) to feed lambs a purified diet almost free from 
nitrogen and containing no natural roughage, but the ration w^as not 
sulficiently ])alatable to the lambs and its use was discontinued. 
Workers wdio have used low-nitrogen rations for lambs Uj 3, 7, 8) 

have included straws as part of the ration, but even when this was 
done the f(».ed intake on the low’^-nitrogcn rations was decidedly 
smaller than on the experimental rations containing adequate protein, 
and in practically all cases the lambs lost in weight. 

The object of the })resent study was to devise a low-nitrogen ration, 
containing only purified ingredients, which would be consumed readily 
by lambs over a reasonable length of time. Such a ration was desired 
for use in experiments conducted at the Cornell Station on the nutritive 
value of proteins. 

PRELIMINARY TRIALS 

Considerable work has been done at this station in ileveloping 
purified or synthetic diets for Herbivora (i?, 9). A diet for sheej) 
w hich has given good results over a long period of feeding is as follows: 
Regenerated cellulose,^ 20 percent; casein, 20 percent; sucrose, lo 
percent; starch, 2<S percent: yeast, 7 percent; salt mixture,'^ 4 percent; 

J Kpceivtui for pubhcation Fob. 2 , 1037, issued Oot<i»lH'r 1937. 

* The author ackuowledges his indebtedness to P. E. Newman and J. K. Foster of this station for Jissistanoe 
in the conduct of v>art of the work. Oraleful appreciation Ls also extended to Dr. C. M. McC'ay, of the 
animal nutrition Laboratory, for helpful suggestions relative to this slud>. 

’I Ueforeuce is made by number (italic) to Idteraturc Cifeil, p 473 

* This product was obtained as xvashed Sylphrap from the Sylvania Industrial Corporation, New* York 
(Mty. 

»The salt mixture ii.^ed wns one designed by W’^oodward and Me('a> (.9) for use in synthetic diets for 
Herbivora. 
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lard, 6 percent; and a vitamin A~D supplement. This diet, as well 
as other very similar diets, is apparently palatable to sheep and has 
been consumed in such lunounts that good growth has resulted. 
However, it should be noted that this mixture contains a high percent¬ 
age of protein. 

With this work as a basis, the most logical procedure to follow in 
developing a low-nitrogen diet was apparently to replace the casein 
with starch. Tliis change would not be expected to alfect the palata- 
bility of the mixture very radically. That some difficulty might be 
encountered, however, became apparent, after some preliminary 
work which was made in connection with another problem. 

In the preliminary study, a growing lamb which previously had been 
getting a common, practical ration was fed a diet containing 18 percent 
of casein but otherwise similar to the purified diet described above. 
No trouble wjis experienced in getting satisfac tory feed consumption, 
and so it w^as concluded that this 18-percent casein diet was palatable 
to the lamb. Then, by using a larger percentage of starch and a 
smaller percentage of casein, another diet was prepared in which the 
casein made up only 8 percent of the total ration. W*hen first fed 
this mixture seemed just as palatable as the 18-pereent casein diet 
and the same amount of feed w^as consumed. At the end of 6 days, 
however, the lamb w^ent off feed and was emaciated in appearance. 
At about the same time the feces became loose in character and offen¬ 
sive in odor, indicating acute indigestion. Although the feeding of 
this diet was continued for 12 days longer, the lamb made little or 
no improvement and the former level of feed consumj)ti(>n was not 
regained. 

The lamb was then fed a similar diet excej)t that it contained 14 
percent of casein. After a short time the lamb’s appetite became 
stronger and more regular, the feces were more normal, and the lamb 
wtis apparently in considerably better physical condition. 

From these results it seemed unlikely that omitting all the casein 
from the diet and addirig a correspomling amount of starch wmuld 
make a satisfactory low-nitrogen diet for lambs. Therefore, certain 
other modifications were made to the original purified diet in addition 
to the substitxition of starch for casein. This mixture, which w^as used 
in all the remaining studies on low-nitrogen diets, is given in table 1. 
Another diet, similar in all respects except that 20 jxercent of casein 
replaced a corresponding amount of starch, w^as also used. This diet, 
hereafter referre<i to as the ‘^casein <Het", is also given in table 1. 

Table 1.— CoviposHion of fxpnivifvtol iliets 


Ingredients 

Low-nitro¬ 
gen diet 

Casein 

diet 

, Ineredienfs 

Loav- nitro¬ 
gen diet 

CaNeiii 

diet 

Regenerated cellulose 

Casein. 

Starch. 

Brown sugar. 

Corn oil_ 

Pcrcnit 

18.0 

' ' ' .6.^5 
15.0 , 
4.0 I 

f*t rcent 
18.0 
20.0 
33.5 
l.'i.O 

4 0 

j Yeast. . 

Minerals ‘ 

1 Anise <»il. 

1 

iHrmit 

6 U 
4, 6 
2T I 

]*( m nt 

5. 0 
4. 6 
s T 

1 Totnl. 

I 

J 100.0 

100.0 

. ^ ^ nnnerals w as made up 2.5 x>ercent of the JIaw’k and Oser modifleation of the Osborne 

and Mendel mineral mixture (/) and 2 0 r^erceiit of a mixture of ground limestone 40 parts, steamed bonemeal 
40 parts, and Fait parts, 
trace. 
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As may be noted in table 1, brown sugar was used instead of cane 
sugar, and corn oil was added instead of lard. This was done in an 
effort to increase the palatability of the diet. A different mineral 
mixture also was used. To these diets, a small quantity of anise oil 
was added. This was done to impart a pleasant and distinct taste, 
as w^ell as odor, to the diet, which w^as otherwise deficient in these 
respects. It was hoped that the addition of this material would aid 
in securing greater feed consumption. Anise oil can be added readily 
to any ration, and by using it abrupt changes may be made from one 
ration to another without very much danger of the lambs refusing the 
new ration because of the difference in taste or smell. 

In order to correct for any possible decrease in the palatability of 
the mixture that might result from the presence of such a large amount 
of fine starch, the starch was cooked together with the other constitu¬ 
ents of the diet, except the yeast and minerals. This cooked material 
was thoroughly dried in a drying room and then coarsely ground. 
Later the minerals and yeast were added to complete the diet. 

The diet as fed was a browmish, rather gritty material, somewimt 
like small, hard seeds. It was sweet to the taste and had a noticeable 
odor, as well as taste, of the anise oil. From the standpoint of taste, 
odor, and physical condition, the diet seemed about as palatable as 
could be devised with the ingredients used. However, no direct test 
was made to determine whether those modifications actually did im- 
})rove the palatability of the mixture. 

EXPERIMENT 1 

For the first experiment a thrifty gi’ade lamb w as obtained from tlu* 
iiniversitv tlock. The Iamb w as fed a ration of ground com, linseed 
meal, and timotln^ hay for a short time, and then the low'-nitrogen diet 
was gradually sid)stituted for part of the concentrates until the lamb 
received only the low-nitrogen diet plus the hay. So far as could be 
determined, the low -nitrogen diet was just as readily consumed as the 
concentrate mixture. After this substitution, the allowance of the 
purified <Uct was increased and the amount of hay w^as decreased. 
Within a few^ dtiys the lamb w as receiving only the low-nitrogen diet. 

Tlie low -nitrogen diet w as eaten readily and remained very palatable 
for the first 2 days that it was given as the only feed. On the third 
day, however, the lamb refused some feed and later w^ent badly off 
feed. The feed consumption was decidedly under the former level, 
and the lamb became irregxdar in its eating. The feces were loose and 
had a bad odor. Without question, the appetite and the digestive 
processes of the lamb were badly upset after tliis short period on the 
low-nitrogen diet. 

The question naturally arose as to wdiy the feed, which at first had 
apparently been eaten with relish, should suddenly become objection¬ 
able to the lamb. It w-as thought that possibly the change to the 
purified diet had been too abrupt. However, there were no definite 
indications that such was the case. The most logical explanation 
appeared to be that the low-nitrogen diet had seriously disturbed the 
<iigestivc system of the lamb and so had greatly reduced its desire for 
food. 

After a few da3"s, the feeding of the low-nitrogen diet was discon¬ 
tinued and the lamb w-as again fed the ordinary bam feeds. Although 
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its improvement was slow in the beginning, by tlie end of 10 days it 
was again eating satisfactorily and gaining in weight. Evidently it 
had completely recovered from the period of feeding on the low- 
nitrogen diet. 

It was then decided to check these results hy repeating the procedure 
with the same lamb. This time, however, instead of decreasing the 
amount of grain as in the first trial, the amount of hay w^as decreased 
as the low-nitrogen diet was added. After a few days, the hay was 
entirely removed so that the lamb was getting about one-third of the 
relatively high-protein concentrate mixture (corn and linseed meal) 
and two-thirds of the low-nitrogen diet. The lamb readily consumed 
this mixture and made considerable gain in weight. After a period of 
10 days, it was fed only the low^-nitrogen diet. The effect of tliis 
(’hange in diet on the feed consumption and on the daily body weights 
throughout the experiment are showm in figure 1, A. 

As figure 1, ^1, a, indicates, at the beginning the lamb ate the same 
amount of the low-nitrogen diet that it had of the diet plus the com 
and linseed-meal mixture. Here, again, w^as c%ddence that the low- 
nitrogen diet was at first just as palatable as the natural feeds. At 
the end of 8 days, however, the lamb refused to clean up its feed. It 
had tlie appearance of being in extreme discomfort and was not so 
active as formerly. The feces lost their typical pellet shape and gave 
off a strong odor. In practically all respects the lamb had developed 
the same condition as when previously fed this same diet. 

Instead of bringing the lamb back to a normal condition by giving 
the natural feeds, it was fed a purified diet containing considerable 
casein. This diet was j)rei)ared exactly as the low-nitrogen diet had 
been except that in this mixture casein was addtnl to the extent of 20 
])ercent of the total diet and the percentage of starch was reduced 
accordingly. By reason of tlie cooking and the addition of anise oil, 
the odor, taste, and pln^sical condition were the same. Even the 
color was nearly the same, the casein diet being just a trifle darker. 
No particular (lifference in tlie desire for feed was observed when the 
casein diet was first offered to the lamb, but after a few' days, it 
<leveloped a stronger and more uniform appetite^ and at the end of 
8 days, it w as eating the former amount of feed. The casein diet w as 
fed for 8 additional days, during which time the lamb became normal 
in all respects and had an excellent appetite for the diet. 

The changes in the body w eight of the lamb during the experiment 
are of interest. As shown in figure 1, .1, 6, the lamb made unusually 
large gains during the period in which the concentrate mixture was 
fed along with the low-nitrogen diet. The extent of these gains was 
no doubt due in part to the previous emaciated condition of the lamb. 
The lamb also contiinied to gain for a few' days on the low-nitrogen 
ration, but after a rather marked increase in weight, it began to lose 
rapidly. This loss of w eight corresponded to the period in w hich it had 
diarrhea. Shortly after changing to the casein diet, the lamb im¬ 
proved in body weight, and by the end of the experiment it was 
making good gains. 

EXPERIMENT 2 

Experiment 2 was conducted primarily as a check upon the firet 
experiment. While the low -nitrogen diet had proved unsuccessful in 
two attempts with the same lamb, it w as believed desirable to try the 
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same diet with additional lambs before admitting failure. Also, the 
behavior of the first lamb on each of the diets had been of especial 
interest and further observations seemed desirable. All of the rations 
used in tliis experiment were the same as those used in experiment 1. 

Two grade lambs were secured for tliis study. They were very simi¬ 
lar to the lamb used in the first esjieriment, but were somewhat heavier 
in weight. The 20-percent casein diet was gradually substituted for 
the customary barn ration, and after the lambs had been on the casein 
diet for a period of time, they were changed to the low-nitrogen diet. 
The casein diet w^as fed again at the end of the experiment. The daily 
feed intake and the daily weights throughout the period are shown in 
figure 1, J# and C. 

The results secured with lambs 2 and 3 w ere similar to those ob¬ 
tained with lamb 1. The lambs apparently did not notice when the 
change was made from the casein diet to the low-nitrogen diet. Their 
feed intake remained the same for a few days and their appetites 
were good. Then suddenly they began to refuse feed, and for the 
duration of the period on the low^-nitrogen diet, they would not con¬ 
sume the feed at the former level of intake. The condition of their 
feces was also abnormal. 

A change w^as made back to the casein-containing ration, and, again, 
insofar as could be determined, the lambs did not observe the (hange 
in their feed. After a few^ days, however, a noticeable improvement 
^was made and both lambs almost completely regained their former 
* level of feed intake and appeared to be in good condition, (\nisidei- 
able increases in body w^eight were also made. 

DISCUSSION 

The data presented bring out clearly the fact that there are impor¬ 
tant factors in rations other than physical appearance, taste, or smell 
which may determine the amount of a feed or a ration that an animal 
wdll consume. Insofar as could be judged by inspection, the casein 
diet and the low-nitrogen diet were practically identical. The cooking 
and subsequent grinding of most of the constituents in each diet made 
them markedly similar in appearance and the taste and odor w^ere 
almost idcnti(*al, owing primarily to the addition of the anise oil. 
The accuracy of these observations is borne out by the fact that in 
no instance when the diets w ere changed did the lambs give any indi¬ 
cation that they noticed the change. It therefore seems logical 
to conclude that botli diets were palatable and that the difference in 
feed consumption was due to the presence of the casein or more pro¬ 
tein in one of the rations. 

The low-nitrogen diet as prepared did contain an appreciable amount 
of protein furruslu^d by the yeast. While this amount of protein 
w^ould not have been sufficient to maintain the lambs adequately 
over a long period, it seems unlikely that the lack of even this essential 
nutrient w^ould become apparent in so short a time. Probably the 
poor results obtained on this diet were due to the severe digestive 
disorders which occurred, rather than to the fact that the lambs w^ere 
suffering from an actual deficiency of protein. 

As indicated by the curves in figure 1, the lambs made irregular 
increases in body weight at about the time tliat they began to refuse 
the low-nitrogen diet. This strongly indicated that normal digestion 
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followed by the elimination of the imdigested material was not taking 
place. Also, in every instance, soon after the lambs began to refuse 
feed, they developed diarrliea to some extent. 

Daily fecal weights on the dry-matter basis were obtained in the 
observations with lanib 2. The data during the period on the low- 
nitrogen diet clearly indicate a decreased excretion of feces during 
the period prior to going off feed, when the lamb was making a sharp 
increase m body weight. These conditions were followed by a marked 
increase in the weight of feces excreted which corresponded to the 
beginning of the diarrhea experienced by the lamb. All of these results 
indicate that the digestive system of the animal was badly upset. 

While there are no specific data to explain the poor resiilts obtained 
when the low-nitrogen diet was fed, it is possible that the cellulose in 
this diet may have been largely responsible for the digestive disorders 
wliich occurred. There is a common belief that protein stimulates 
the development of bacteria in the digestive tract, and if this is true 
the feeding of the low-nitrogen diet may have resulted in much less 
bacterial action than normal, causing a less complete digestion of the 
cellulose. This condition would result in digestive disorders and a 
decrease in tlie amount of feed desired by the animals. 

SUMMARY 

An attempt was made to prepare a low-nitrogen diet for lambs that 
could be used in connection with some of the studies at this station on 
the nutritive value of proteins. A mixture which ^\^ls relatively low 
in nitrogen and contained only purified ingredients was fed to three 
lambs. The diet appeared to be very well liked for the first few days 
of feeding. At the end of that time, however, the lambs ate much 
less feed and gave definite indications of digestive disorders. Although 
the feeding of the diet was continued for several days after these con¬ 
ditions developed, the Iambs would not consume as m\ich feed as they 
had readil}" eaten of a diet wliich was very similar except that it 
contained considerable protein. Apparently the digestive disorders 
brought on by the feeding of the low-protein ration caused the lambs 
to desire less feed. These results show clearly^ the effect that a defi¬ 
ciency of protein may have on the digestive system of an animal and 
on the amount of feed that it will consume. 
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CROSS TRANSFER OF MINERAL NUTRIENTS 
TOBACCO PLANT‘ 

B}’ J. E. McMurtrey, Jr. 

Senior physiologist, Division of Tobacco and Plant Kutrilion^ Bureau of Plant 
Industry, United States Department of Agriculture 

INTRODUCTION 

Uniformity of growth in plants is a matter of considerable theoret¬ 
ical as well as practical interest. In studies concerning the mineral 
nutrition of tobacco, in regard to distinctive grow th eflects manifested 
by this plant (6*, 7, lOy ll)y^ it was frequently observed under field 
conditions (J^) that one-half of a leaf exhibited characteristic defi¬ 
ciency effects when such effects were not so evident on the other half. 
The observed effects appeared to be due to a failure of cross transfer 
of nutrients even between halves of an individual leaf. These obser¬ 
vations furnished the basis for the investigations reported in this paper. 
The problem appeai^s to have some bearing on the field placement of 
fertilizers, particularly separate placements of the different ingredients 
and deferred side dressings. 

The w ork of Ciile and Carrero {8,9) has definitely shown a reduction 
in growth and decreased absorption when the roots arc divided 
betw een different containers so that some portion or all of the root 
systems arc supplied with an incomplete nutrient solution. These 
authors did not describe in detail the appearance of the plants grown 
in tests. The studies by Auchter (2) with wroody plants support the 
idea that there is little or no cross transfer of nutrients but a free cross 
transfer of water in wroody plants. Auchter foimd that there w^as a 
unilateral distribution, that is, the nitrate applied on one side of the 
tree produced resj)onses that were evident on the side of the tree to 
which the application w as made. Caldwell (5, 4) concluded that salts 
and carbohydrates were translocated up or down the plant stem but 
that there was little cross transfer of materials, liocalization of day- 
length effects reported by Garner and Allard {5) further emphasizes 
the failure of translocation. These w;orkers found striking localization 
of the principle responsible for the initiation of flowering in plants. 
These observations are difficult to interpret from the standpoint of 
plant anatomy if there be any considerable movement through the 
vascular bundles, since Artschwager (1) has reported more or less com¬ 
plete anastomosis of these bundles, which should operate to mix all 
materials moving through these channels. 
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PROCEDURE 

In an effort to determine why only one side of a leaf may manifest 
distinctive symptoms due to a deficiency of any one of the essential 
elements necessary for growth, the roots of the tobacco plant {Nico- 
tiana tabacum L.) were divided into approximately two equal portions, 
each of wliich was placed in a 1-liter Pyrex beaker, tall form. The 
plant was held in position by a varnished wooden board provided with 
suitable holes and a stake to wluch the plant was tied. Early attempts 
to produce the desired result were not successful, apparently because 
fibrous roots developing near the junction of the beakers tended to 
mix the two solutions through a wickUke effect. This complication 
is particularly serious in solution cultures but should not be operative 
in sand or soil cultures, in an effort to overcome this difficulty in 
studies conducted during 1930, the stalk was split to about 1 inch 
above the root crown. Under these conditions it was possible to 
obtain definite effects, which are described later. 

Since the procedure just described is open to the objection that the 
stele would be divided and cross transfer, therefore, prevented, further 
studies were undertaken. The fibrous roots were removed to avoid 
the mixing of solutions that occurred in the early trials. Solutions 
were prepared like those used in previous studies (11), from each of 
which one of the following elements was withheld in turn: Nitrogen, 
phosphorus, potassium, calcium, magnesium, sulphur, boron, iron, 
and manganese. After having been disinfected with silver nitrate 
according to the procedure previously described (11), plants were 
transferred on April 1, 193(>, from soil to duplicate culture solutions 
from which, in each instance, one of the above cdements had been 
withheld, except that in one group all these elements were included in 
both containers. Each container was iterated by bubbling with com¬ 
pressed air at approximately 1 liter per hour. On May 17 all solutions 
were renewed, a complete solution being added to the container for 
one-half of the roots of each plant of the incomplete groups and to 
the containers for both halves in the complete group. Additional 
nutrient was subsequently added at intervals of 2 weeks. 

The procedure of growing the plants in incomplete nutrient solutions 
until characteristic deficiency symptoms developed, as previously 
described (11), was adopted because it appeared to give the most 
logical approach to the problem. It had been previously determined 
that the development of symptoms wan slow er than was the subsequent 
recovery. Such procedure caused the plant to develop symmetri¬ 
cally in regard to root and top grow th, permitting later changes to 
produce sharper contrasts. 

RESULTS AND DISCUSSION 

Except in the case of manganese, all cultures were manifesting 
characteristic deficiency effects at the time provision was made for 
supplying one-half of the roots with a complete nutrient solution (11), 
Two weeks later it w^as evident that cross transfer was not rapid 
enough to give uniform recovery. This condition extended even to 
a half of the individual leaf, as shown in figure 1, where a large portion 
of the leaf on one side of the midrib has recovered its normal green 
color while the remaining half is chlorotic because of a deficient 
supply of magnesium. This appears to be the first repoi1;ed instance 
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Fiquri !.>~TobafiOo leaf manifesting one-sided recovery caused by supplying the element magnesiiiiu to 
one-half of the root system and withholding it from tne otner hair 
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where a failure of cross transfer of a mineral nutrient in the individual 
loaf has been shown to occur. Tliis situation was more or less common 
to deficiency symptoms manifested for all elements except manganese. 
Possibly the experiment was not of suflicient duration to induce 
effects from shortages of this element. The unilateral leaf manifesta¬ 
tion was not so commonly observed in calcium and boron deficiency 
combinations. 



Figure 2.— Tobacco leaves showing distribution of recovered and chlorotic leaves {A-ID re»noved from 
a plant from the base. v4, upward to //, when magnesium was supplied to one-half of the root system and 
withheld from the other half. 


A question of some interest is whether recovery may be unilateral 
in the individual leaf, but this appe^ars not to be the case. In some 
instances the entire leaf may show bilateral recovery, or again there 
may be a leaf that shows no recovery. Nor does there appear to be 
any definite relationship between the arrangement of affected leaves 
on the stalk and the 3/8 phyllotaxy of the tobacco plant. These 
observations are supported by figure 2, in which the leaves A to U 
are arranged as they occurred on the stalk, beginning at the base. 
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In this instance magnesium was supplied to only one-half of the 
roots. This same observation held true in greater or less degree for 
all combinations tested. In many instances there does appear to be 
unilateral or half-leaf manifestation, but the leaf halves concerned do 
not always occur on the same side. This is shown, for example, in 
figure 2, for B shows recovery on one-half whDe I) manifests recovery 
on the opposite half. 

Conceivably it would be possible so to subdivide the roots that 
there would be a symmetrical effect, but such a result was never 



Fic.ure *1 —Tohftcco plants grown in solution cultures. A, Calcium added to container on leU after being 
withheld for a time. This element was not added to container on right for priod of observation. 
(Complete nutrient solution supplied to both containers for the entire iH'riod of observation. 

observed in the combiniitions tested. It appears that no systematio. 
arrangement can be expected, since it would be lughly improbable 
lhat by mere chance the roots could be divided in such a manner as 
to produce such a result. The plants made additional growth fol¬ 
lowing their transfer to the conditions adapted to study of recovery. 
This growth also manifested the failure ox cro^ transfer, indicating 
that there would have been this failure even if the roots had been 
grown half in complete and half in incomplete solutions for the entire 
period. The experiment was discontinued June 18, approximately 
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1 month after the transfer was made, and none of the plants mani¬ 
fested symmetrical growtli when any particular element w^as supplied 
to only one-half the root system. 

Failure of cross transfer of an essential nutrient results in a one¬ 
sided or twisted growth, as shown in figure 3, where calcium was 
not supplied during the early growth hut later was supplied to the 
half of the root system nearest the letter A, It can be observed in 
this plant that the increase in size of the leaves is not unilateral in 
its distribution. Complete recovery from symptoms induced by 
calcium deficiency is not possible, since there is an actual break-down 
of the meristernatic tissues; but it is apparent that certain leaves 
have increased in size, even though the leaf tissues are missing at 
the tips and margins. The control plant (jB), in which calcium has 



Figure 4.--Tobacco plants grown in solution cultures. A, Sulphur added to container on left after being 
withheld for a time. Container on right received no added sulphur, n, Complete nutrient solution 
supplied to both containers. 


been supplied to the entire root system during the period of observa¬ 
tion, manifests symmetrical development of both root and top growth. 

Unilateral distribution of mineral nutrients does appear to occur 
in some instances, as indicated by symptom manifestations. It was 
characteristic of those cultures in which sulphur was not supplied 
for a time and then was added to the container in which one-half 
of the roots were growing (fig. 4, ^4) that rapid recovery was cxliibited 
on the side of the plant to which the element was supplied. Again, 
it is evident that the low^er leaf on plant A manifests a one-sided 
growth. In figure 4, A, the container to the right has received no 
added sulphur, and it is evident that this half of the plant is stunted. 
There was also a decided difference in the shade of green, which 
tailed to register in the photograph. The leaves and even the leaf 
bidves that manifested sulphur deficiency were a decidedly lighter 
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green. The control plant (B) is normal in appearance and symmetri¬ 
cal in development. 

It has been observed under field conditions {12) that leaf halves 
manifest deficiency symptoms, and it would appear that failure of 
cross transfer is the explanation. It is conceivable that one portion 
of the root zone in which the plant is feeding is relatively more deficient 
in an element than another portion and that, owing to failure of cross 
transfer in the plant, one-half of the leaf would manifest more pro¬ 
nounced symptoms than the other lialf. In view of the fact that 
this situation has been observed to occur under field conditions, 
studies in fertilizer placement should take into account this phase 
of the problem. Kacement to one side of the row and the application 
of different ingredients in separate, widely separated bands or positions 
in relation to the root system of the plant may not be desirable 
practices. The method of delayed side dressings should include 
ample provision for adequate distribution in relation to the root 
zone of the plant in (question. The results presented in this paper 
appear to offer a logical basis for explaining the more efficient action 
of the fertilizer when phu‘ed near the plant in the region of maximum 
root development. 

SUMMARY 

It has been possible to reproduce experimentally, on one-half of 
an individual leaf, symptoms of nitrogen, phosphorus, potassium, 
magnesium, sulphur, and iron deficiency by withholding the element 
from a portion of the root system. Failure of cross transfer of the 
essential nutrients did not always manifest distinctive effects unilat¬ 
erally on the individual leaf, and the plant in some instances showed 
an entire leaf normal while an adjacent leaf bilaterally manifested 
symptoms of deficiency. A twisted or one-sided growth also resulted 
from deficiency of each of the above-mentioned elements and also 
of calcium or boron when they were not supplied to the entire root 
system. 

There was not always a unilateral distribution of the symptoms in 
relation to the root and top growth when the roots were divided so 
as to supply a given element to one-half of the root system and 
withhold it from the other half. Depending apparently upon root 
and top-growth relations, it appears to be merely a matter of chance 
as to what type of growth manifestation is obtained. 

The possible relation of these findings to fertilizer placement under 
field conditions is pointed out, 
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PHYSIOLOGIC RACES OF TILLETIA TRITICI AND T. LEVIS* 

By H. A. Rodenhiser, pathologist j and C. S. Holton, associate pathologist^ Division 
of Cereal Crops and Diseases^ Bureau of Plant Industryj United States Department 
of Agriculture 

INTRODUCTION 

Since Faris (S)^ obtained strong indications of piiysiologic specializa¬ 
tion in TiUetia iritici (Bjerk.) Wint. and T. leins Kiihn, pathogenic dif¬ 
ferences between races of both species have been studied by a number 
of investigators in the United States and Canada (Jf,o, 7, 8, 9,10^ 
IS, 14, 15), In these experiments the methods used have been 
more or less adapted to local conditions, and this has resulted in a lack 
of uniformity in the use of differential hosts and in the system of num¬ 
bering distinct races. Consequently it is to be expected that a number 
of the physiologic races that have been identified by different investi¬ 
gators will be duplicates. The reports of these experiments do, how¬ 
ever, serve as definite evidence that physiologies races of these fungi 
liavc become established in the important wheat-growdng areas of the 
United States. The significance of this fact with regard to the prob¬ 
lem of bunt control needs no extensive elaboration. 

Certain wheat varieties have been distributed in the past that had 
proved to be resistant to bunt prevalent in the vicinities where the 
varieties were developed. However, when these varieties were grown 
commercially they were found to be susceptible. In most instances 
outbreaks of bunt in su(‘h varieties have been definitely associated with 
the appearance of jireviously undescribed races of the two species. 
(3bviously, then, if a breeding program for the development of smut- 
resistant varieties of wheat is to be successful it is essential to know 
the number, distribution, and prevalence of physiologic races. To 
obtain this information more rapid progress will be made if a standard 
svstem for race identification is developed and generally adopted. 
I'^he present paper is intended as a first step in this direction. 

MATERIALS AND METHODS 

Thirty-one colle(‘tions of TiUetia triiki and 34 of T. lerls have thus 
far been given race numbers by various investigators in this ('ountry. 
Of this group 24 of the numbered races of the former and 29 of the latter 
were obtained for testing by the writers. In addition, a number of 
miscellaneous (‘ollections of both species were tested. 

Ten varieties each of winter and of spring wheat were used as dif¬ 
ferential hosts. The winter wheats were Hybrid 128 (C. 1.^ 4512), 
Ridit (C. 1. 0703), Oro (C. I. 8220), Albit (C. I. 8275), Hohenheimer 
(C. I. 11458), Hussar (C. 1. 4843), Minhardi (C. 1. 5149), White Odessa 
(C. 1. 4055), Martin (C. I. 4463), and Turkey (C. I. 6175). In the 
final amilysis of data only the first six of these were retained as dif¬ 
ferential fiosts. The other four were not (‘onsidered for the following 
reasons: Minhardi was found to be similar to Hybrid 128 in its reac"- 
tion to all races and collections tested; White Odessa was similar to 

> Uecoived for publication Jan. 18,1937; issue<l October 1937. Investigations conducted in cooporation with 
the West Virgmla, Minnesota, Montana, Washington, and Oregon Agricultural p:xi)erlmeut Stations. 

a Reference Is made by number (italic) to Literature Cited, p. 495 

3 (\ I. denotes accession number of the Division of Cereal Crops and Diseases (formerly Offlee of Cereal 
lnvestigation.s). 
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Albit in tliis respect; no pathogenically distinct races could be differ¬ 
entiated on Martin that wore not equally well differentiated on either 
Albit or Hussar; Turkey (C. I. 6175) was not consistent in its reaction 
to certain races when grown under a fairly wide range of environmental 
conditions. The spring wheats were Ulka (C. I. 11478), Marquis 
(C. I. 3641), Canus (C. 1. 11637), Mindum (C. I. 5296), Hope X 
Ceres (C. I. 11432), Ruby (C. I. 6047), Garnet (C. 1. 8188), Thatcher 
(C. I. 10003), Golden Ball (C. I. 11477), and Vernal emmer (C. 1. 
3686). In the analysis of data only the first four of these were re¬ 
tained as differential hosts. Certain races could be identified by their 
reaction on the latter six varieties, but none that were not equally well 
differentiated on the Ulka, Marquis, Canus, and Mindum combination. 

Seed of the differential hosts was treated with formaldehyde accord¬ 
ing to the standard dip method, thoroughly washed with water to re¬ 
move all traces of formaldehyde, and allowed to dry. Powdered inoc¬ 
ulum from each collection was then applied to each lot of seed at tlu* 
rate of approximately 0.5 g to 100 g of seed. The inoculated seed was 
planted at the rate of 5 g to the row in duplicate systematically distrib¬ 
uted 6-foot rows. The inoculum of each race to be used in the suc¬ 
ceeding year’s test was collected on the same date and subsequently 
stored at room temperature in the laboratory. In preparing the inoc¬ 
ulum and in inoculating and planting tlie seed, adequate precautions 
were observed to prevent mixing of the spores of different species and 
races. The smut percentages obtained were based on counts of 300 
heads per row at Bozeman, Mont., and counts on the total number of 
heads per row at Kearneysville, W. Va., and Pullman, Wash. There 
were approximately 200 licads per row at Kearneysville and 400 per 
row at Pullman. 

In the analysis of these data only those collections of smut possessing 
fairly wide differences in pathogenicity were considered as distinct 
races. With the present technique for separating races of TiUetia^ 
environmental conditions are not accurately controlled nor are they 
duplicated at different stations and in different years. It is tlierefon' 
impossible to make such fine distinctions as have been made in the 
rust fungi, in the study of which the environmental conditions affecting 
both the host plant and the fungus may be easily controlled. When 
a sufficiently large nuinber of tests have been made under controlled 
conditions or under different environmental conditions in sufficient 
number to permit a statistical analysis of the results, smaller differ¬ 
ences in pathogpicity may possibly be found to be significant, lentil 
then, classifications of races of Tilletm are necessarily more or less 
arbitrary, and it would seem logical that separations should be made 
where the differences in pathogenicity are fairly wide and reason¬ 
ably consistent. In previous work relatively narrow limits in infection 
range classes have been considered significant for tlie purpose of 
separating physiologic races. As a result, four to six classes have been 
used by various investigators. However, in the present tests varia¬ 
tions between results with the same smut collections at different 
stations m 1 year and in the results from replications at the same 
station were frequently great enough to interfere with the use of a 
classification with more than three infection classes as follows: 

0-10 percent infection = resistant class (R). 

11-40 percent infection intermediate class (P. 

41-100 percent infection = susceptible class (H). 
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In establishing these classes consideration has been given to the 
tendency toward variation in smut percentages produced by the same 
races on the same varieties, in different replications, in different years, 
and in different localities. It is clear from the data in table 1 that 
within the resistant class the variability in percentages of infection is 
small and that the upper limit for the class should be approxiniately 
10 percent. These data also indicate that as the degree of resistance 
decreases the variability in the percentages of infection obtained with 
any one collection of smut increases. For example, as recorded in 
table 1, the percentage of smut on Albit inoculated with T~4 varied 
from 10 to 44 percent depending on the locality or the year the test 
w^as made. It is to allow" for such variations in percentages as these 
that the limits for the inteniiediate and susceptible classes have been 
established. 

Tests for the diflerentiation of physiologic races are considered satis¬ 
factory in these experiments onljr when 60 percent or more smut 
developed in the generally susceptible varieties. Hybrid 12S and lUka. 
Accordingly no data arc presented from tests in whi(‘h infection in 
these varieties failed to reach this figure. The classification as re¬ 
corded is based on results obtained in tests with winter wheat in 1 of 
the 4 years the experiments were made at Keanieysville, W. Va.; in 
1 of tlie 3 years at Bozeman, Mont. ; and both of the 2 years at Pull¬ 
man, Wash. In tlic tests with spring wheat, satisfactory data for 
race differentiation w^ere obtained m 1 of the 3 years tests were made 
at Bozeman, and 1 of the 2 years at Pullman. \o significant data 
were obtained in two seasons the tests w ere made with spring wheat 
at St, Paul, Minn., because of drought conditions, and wdth winter 
\vheat at C\)rvallis, Oreg,, because of poor stands. 

Reactions that differentiate pliysiologic races are indicated in 
table 3 by the bold-faced type, and the letter T or L is prefixed to the 
race numbers to denote the smut species TiUetia tritici and T. leviSy 
respectivelv. 

RESULTS 

IDENTIFICATION OP PHYSIOLOGIC RACES 

At the present time tests adequate to warrant classification have 
been made with 24 collections of TiUetia tritiH and 28 of T, letns. 
From these collections 11 pathogenically distinct races of T. tritici 
and 8 of T. lens have been identified and assigned letters and numbers 
T 1 to T--11 and H-1 to L-8, respectively. The average percentages 
of smut produced by these races at different stations and in different 
years are recorde<l in table 1. The sources of inoculum for these 
tests, together W"ith the assigned race numbers, are recorded in table 2. 
The reactions that serve to differentiate the races of T. tritici and T. 
lenis are presented in table 3. 

In previous investigations the identification of physiologic races of 
TiUetia tritici and T, levis has been based upon their reaction on either 
winter or spring wdieats alone. The results of the present studies 
en^hasize the value of using both w"inter and spring varieties as 
differential hosts. For example, races L-l, Lr-2, and H 3 (table 3) 
are differentiated on spring wheats alone, races Lr-6 and Lf-8 on winter 
wheats alone, and races I^ 4 and Lf-5 on a combination of both winter 
and spring wheat varieties. Race lr-7 is clearly differentiated by its 
reaction on either the spring or winter wheat varieties. Similar 
results w'ere obtained with races of T, tritici (table 3). 
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' The reaction of this race on the spring wheat host testers was ohtaine<i in 1930 only. 
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Table 2. —Previously numbered physiologic races and miscellaneous collections of 
Tilletia triiici and T. levts grouped to correspond with new race numbers 


Smut species 


Physio¬ 
logic race 
no 1 


Source of Jnoculuni 


TilUtio. frifici,., 


Ttlletia levts .{ 


T-1 

T-2 


T-3 

T-4 

T-5 

T-6 


T-7 

T-8 

T-tt 

T-10 

T-11 

Iv~l 

L 2 


L 3 


Tv-4 

iy-5 

I/-f) 

1^7 

lv-8 


Gaines' 1; Flor's 6; Heed's 8; collection from Davis, Calif. 

Holton's Vernal emmer race; Holton's Mindum race; collection from Lang- 
don, N. Dak. 

Heed's 6; Young's Montana collection 3.8. 

Reed’s 2. 

Heed’s 4 

Gaines’ 3; Bressman’s 7 and 10; Young’s Montana collection 20; Rodenhiser 
and Stakman’.s Manitoba collection. 

Collection from Pullman, Wash. 

Gaines' 2; Pressman's 0; Young's Montana collection 100. 

Bressinan's 8; Flor’s 7. 

Collection from Lind, Wash. 

Collection from Pullman, Wash. 

Reed’s 4; Flor’s 1,2, and fi. 

Rodenhiser and Stakman's 2; Holton's Marquis race; Aamodt's 2; collections 
from Brookings and Redfioid, 8. Dak.; Fargo and I.)ickinson, N. Dak. 
Games’ 6; Bressman’.s 3; Flor’s 3 and 6; Melchera’ 1 and 6; Young’s Montana 
collection 8; Tingey’s Utah collection 2; collections from Bozeman and 
Moccasin, Mont. 

Brassnian’s 4; Tingey’s Utah collection 6. 

Melchers’ 2. 

Collection from Moore. Mont. 

Flor's 4; Tingey’s Utah collection 4. 

Bressinan's 6. 


1 Additional races have been tested that were identified by earlier investigators on different ho.sts not 
available for these tests. It may be of interest to record their react ion on the present host testers. Aamoilt’s 
races 3 and 4 of Tilletia levis had the same reaction as his race 2, reclassified here as l.r-2. Likci^ ise, Melchers’ 
race 7 was the same as his race 2, reclassified here as L-6. 

Table 3 —Relative susceptibility ^ of 10 differential hosts to It physiologic races of 
Tilletia tritici and 8 physiologic races of T. levis 

fR = 0-ir. percent; 1 = 11-40 percent; 8«41-10« peiceiit) 

TlI.LF/llA TRITin 


I’liysiologic race 
no 

Hidit 

1 (r 1 ; * 

4512) ! 

Oro 

1 R’ I 

1 S220) 

1 Hohen 
: heimei 

I (r 1 
1I4.’)8) 

Hussar 
«' I 
4843) 

1 AU)it 
; ((' 1 
j 8275) 

1 rika 

11178) 

, Mar- 
* quK 
, ((’ 1 

1 ('anus 

1 (f' I 

1 llfUC) 

.\lm- 
1 dull! 

1 ((' I 
5296) 


s 

' R 

K 

It 
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! 

21 

I R 

R 

T-2_ 

s 

; H 

K 

i H 
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t .8 

R 

R 

8 

T-;i 

8 

1 R 
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R 

s 

' .8 

1 8 

1 
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K 
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R 

' I 

1 8 
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I 
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1 R 
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K 

R 
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! 8 

1 s 
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I 
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8 

i R 

! R 

1 R 

R 

8 

• 8 

. 8 

R 

1 

T-7__ 

s 
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1 The reaction of .spring wheat differential hosts to this race was obtained in 1936 only, and the results are 
ttierefore not strictly comparable with those recorded for the other races The results are included, however, 
to indicate particularly the resistancK* of Ulka to race T-iO 
* Reactions that differentiate phy.siologic races arc indicated by bold face type 
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The results indicate further that certain varieties, completely sus¬ 
ceptible to a large number of races, mav carry factors for resistance 
to others. The spring wheat variety Ulka was originally selected as 
the susceptible check on which to base the relative susceptibility of the 
differential hosts. It was found in later tests that Ulka, although 
completely susceptible to most races, carries factors for resistance to 
T-IO and T-l l. It is possible, then, to strain out certain races from 
mechanical mixtures even on what has been generally considered a 
susceptible variety. The races T-10 and T-11 should be noted also 
with regard to their reaction on the varieties Hohenheimer and Ridit. 
Although lacking in factors for pathogenicity on Ulka, T~10 is par¬ 
ticularly virulent on Hohenheimer, which is highly resistant to all 
other races except T-*9. Hohenheimer is intennediate in its reaction 
to T“9. Likewise T“11, although relatively low in virulence on Ulka, 
is extremely pathogenic on Ridit, wliich is resistant to all other known 
races. 

As indicated in table 2, a number of races which had previously been 
identified w^ere found to be duplicates. Furthermore, a few smut 
collections that had been reported as pathogenically distinct did not 
appear to be so in these tests. Two explanations may be offered for 
these latter results. Either there were mixtures of races of the same 
sj)ecies in the original collections that were later separated by * Varietal 
screening” {2^ 4^ 17) or the cldamydospores were of hybrid origin. 
Usually in making collections 50 or more bunted heads are collected 
ill each field, and within these collections from single fields mixtures of 
Tilletia tritici and T. leiis are frequently found. This is particularly 
true of collections made in the western half of the hard red spring 
wheat area and in the intermountain area of the Pacific Northwest. 
Pathogenically distinct races also appear to be equally well distributed 
in these areas, and it would be siirpnsing if some of the original collec¬ 
tions did not contain race mixtures. Since the time the inoculiun 
used in the present tests was obtained from the original investigators 
there has been opportunity for varietal screening of races, for each 
year inoculum for subsequent tests has been collect ted from a single 
differential host. Assuming there were race mixtures in the original 
collection this would tend to purify the inoculum, and consequently 
results comparable with those reported originally would notbe obtained* 
Hybridization might also a(*count for the inconsistencies referred to. 
Relatively little is known regarding the genetics of the bunt fungi; 
but Flor (4) has shown that interspecific and intrasiDecific hybridiza¬ 
tion may take place in Tilletia^ so there is a possibility that the chlam- 
ydospores ()f the original collection were of hybrid origin. Segre¬ 
gates carrying difTereiit fa(*tors for pathogenicity may have been 
separated in the process of varietal screening, which would likewise 
account for the differences in the reactions obtained with the original 
collection and those in the present tests. 

One of the principal objects in standardizing the race numbers and 
in identifying new races has been to utilize them in the breeding pro¬ 
gram for the development of smut-resistant varieties of wheat. It is 
probable that with the present technique for differentiating these races 
of Tilletia minor factors governing pathogenicity are being overlooked. 

2270a->37—2 
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When new differential hosts are obtained and when tests are made 
under controlled environmental conditions not only during the time 
of infection but also during subsequent plant growth, more of these 
* ^border-line^ ^ races may be differentiated. However, from the 

} )ractical point of view, in the development of smut-resistant varieties 
rom the present stock of parental wheats it would seem unnecessary 
to have to take into account races having these minor differences. 
For example, from the data recorded in table 1, Oro is shown to be 
resistant to all races except Lf-8 wliile Ridit is resistant to all except 
T-11. It would be expected, then, that certain progeny from 
Oro X Ridit would carry factors for resistance to all races. Similarly, 
as indicated in the data in table 1, resistant progeny should be obtained 
in crosses of Oro or Ridit with Hussar and Hohenheimer. 

Although in this paper emphasis has been placed on the separation of 
races on the basis of pathogenicity, in studying the inoculum of differ¬ 
ent collections and the effect on the host plant it was obvious that 
there were other criteria by which a number of races could be iden¬ 
tified. They include difierences in the size, shape, and hardness of 
the smut balls, in the degree of reticulation of the chlamydospore 
walls, in the color of the chlamydospore mass, in the degree to which 
certain varieties of wheat arc stmited, in the partial smutting of 
certain varieties, in the degree to which the various races cause 
dropping of the awns of the variety Ulka and, lastly, in the degree to 
which they cause laxness in the spikes of infested plants, particularly 
when grown under greenhouse conditions. Certain of these difi’eren(‘es 
were noticed not only between the races found to bo pathogenically 
different but also between collections which, with the present tech¬ 
nique, were found to be pathogenically the same. 

REACTION OF VARIETIES UNDER DIFFERENT ENVIRONMENTAL CONDITIONS 

Soil-temperature and moisture conditions during the time infection 
may take place {ID and post-infection temperatures {16) have been 
foimd to be some of the factors determining the amount of smut 
that may develop in a susceptible variety. Furthermore, Aamodt (i) 
reported that when subjected to different temperatures some physio¬ 
logic races appeared to respond differently in infection capability. 
Although the plantings in the present experiments were made at the 
different stations when soil-temperature and moisture conditions were 
believed to be optimum for infection, there obviously would be other 
environmental conditions that would not be constant, such as soil 
type, fertility, and weather conditions after emergence of the seedlings. 
The question arises, then, as to the constancy of the reaction of the 
differential hosts to the physiologic races at ^flerent stations and in 
different years. The average percentages of smut produced by the 
11 races of TUletia iritici and the 8 races of T. hvis at different stations 
and in different years are recorded in table 1. These data indicate 
a fairly close correlation in the reaction of each race on all of the 
winter wheat differential hosts at Pullman, Bozeman, and Kearnej^s- 
ville and in the reaction of three of the four spring wheats at Bozeman 
and Pullman. There are some exceptions. In 1934, Albit, inoculated 
with T-4, developed only 13 percent of smut at Bozeman: in 1935, 
18 percent at Pullman; and in this same year 44 percent at ICearneys- 
ville. Likewise, there was a wide difference in the susceptibility of 
Hussar to race L-7 at different stations. In 1935 this variety inocu- 
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lated with Lr-7 developed 26 percent of smut at Pullman and 81 pei - 
cent at Kearneysville. It is possible that some varieties may differ 
in their susceptibility to certain races of T. triiici and T. when 
grown under different environmental conditions. There is evidence 
that this may be the explanation for the above-mentioned variations. 
As indicated in table 1, Mindum was found to be generally more 
susceptible to certain races at Bozeman than at Pullman. In the 
same tests, however, the pathogenicity of these races did not vary 
appreciably on other differential hosts. This would indicate that the 
variation in susceptibility of Albit, Hussar, and Mindum mentioned 
above is due to the effect of environment on the host rather than on 
the fungus. Furthermore, the environmental effect appears to be 
expressed only in tlie reaction of certain varieties to certain physiologic 
races. A<lditional evidence of this kind is presented m table 4. 
Turkey ((\ T. 6175) was found to be decidedly less susceptible to 
races T-1, T 4, and T--6 and to Ij-I, Ij-2, and Lr-4 at Kearneysville 
than at Ihillman. The reaction with the other races on this variety 
were, however, (‘learlv more consistent. 

Taklk 4. —Reaction of Turkey ( C . I. 6175) and Hybrid 128 { C . I. 4512) to each of 
8 physiologic races of TiUetia iritivx and T, lens at Kearneysville^ Tt". Va. and 
PuJhuari, Wash , in 1985 
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Obviously, this evidence that certain varieties may differ in rcvsponse 
to races of TiUetia under different environmental conditions is ol 
significance in connection with the problems discussed in this papei*. 
In order to establish the principle of physiologic specialization within 
the species or to obtain information with regard to the number of 
pathogenically distinct races that may be present in a somewhat 
localized wheat-growing area it would seem justifiable to make test^ 
at a single station. However, to more accurately standardize a general 
system of classification of races and to determine their significance in 
a general wheat-improvement program, the virulence of ra(‘es must 
be determined in comi)arative tests made in more than one geograph¬ 
ical area. 

DISCUSSION AND CONCLUSIONS 

Eleven physiologic', races of TiUetia tritici and eight of T. lecis have 
been separated on the basis of differences in their pathogenicity on 
six varieties of winter wheat and four varieties of spring wheat. 
Although sufficient data are not yet available to permit a detailed 
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discussion of the distribution of these races, there is evidence that 
several of the same races commonly found in the Pacific Northwest 
are also present in the hard red spring and winter wheat areas. With 
the interchange of seed and the opportutiity for wnnd dissemination 
of inoculum it will not be surprising if all the identified races eventually 
become distributed in all of the wheat-growing areas of the United 
States. Thus, it follows that the development of a smulr-resistant 
variety of wheat is not a localized problem that may be solved by the 
development of a variety of wheat resistant to smut collected in the 
immediate vicinity of the station where the breeding work is done. 
In order to thoroughly determine the bunt resistance of varieties, the 
facts emphasize the need of extensive teats conducted iji widely sepa¬ 
rated areas with all of the known physiologic races of the bunt fungi. 
Obviously, the adoption of a standard system of determining the 
number and distribution of physiologic races will aid in the progress 
of this program. 

The number of pathogenically distinct races that may be identified 
from a large number of smut collections depends to a considerable 
extent on the varieties used as differential hosts and on the limits 
of the infection classes, which up to the present time have been more 
or less arbitrarily selected. The races to which numbers have been 
assigned very probably do not represent the total among the several 
hundred collections of both species of TUletia that were originally 
made. In fact, in preliminary tests with recently made smut collec¬ 
tions there is evidence of additional races some of which have fairly 
wide differences in pathogenicity. Furthermore, data were obtained 
on the pathogenicity of a number of collections not recorded here 
because of their so-called border-line differences in i)athogenicity. 
However, for the time being, in the program for the development of 
smut-resistant varieties of wheat, we are particularly intcreste<l in 
those races that have rather wide differences in pathogenicity. 

From the results of these, experiments it seems that it shoidd be 
possible to breed varieties of wdieat possessing desirable agronomic' 
characteristics and a high degree of resistance to the known races of 
TUletia. Oro and Ridit are both agronomically desirable wheats and 
are in commercial production at the. present time. Oro is resistatd to 
all of these races except 1j-8 and Ridit to all except T-11. It would 
be reasonable to expect certain progeny from Oro X Ridit to earn* 
factors for resistance to all of the known races. Likewise, Hohenheimer 
and Hussar should be of value as parent stocks in the development 
of smut-resistant varieties. Hohenheimer, though not a commercially 
desirable wheat, is susceptible to only one. race and intermediate in 
its reaction to anothei'. Hussar, which is at present being used as a 
parent for both winter and spring wheat crosses, is susceptible to two 
races and intermediate in its reaction to two. It seems possible that 
segregates will be obtained from crosses with some of these varieties 
in which desirable agronomic characteristics are combined with smut 
resistaiice to the knowui races of TUletia. 
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SUMMARY 

Twenty-four collections of TUletia tritici and 29 of T, lems^ each of 
which had been identified as a distinct pliysiologic race by previous 
investigators, together with a number of miscellaneous collections of 
both species, have been tested under comparable conditions at several 
experiment stations. Under the conditions of these experiments a 
number of the collections appeared to be duplicates. Eleven physio¬ 
logic races of T. tritici and eight of T. leiis were piithogenically distinct 
and have been assigned letters and race numbers T-l to T-11 and 
L-1 to Jj S, respectively. 

The value of using both winter and spring wheat varieties as difler- 
ential hosts is emphasized. With the varieties used in these experi¬ 
ments certain races may be differentiated on winter wheats alone, 
some by their reaction on spring wheats, and certain others by their 
reaction on the combination of both winter and spring varieties. 

The s])ring wheat variety lUka, although completely susceptible to 
most races, carries factors for resistance to at least two races. It is 
possible, then, to strain out certain races from mechanical mixtures 
even oii what is generally considered to be a completely susceptible 
variety. 

A number of physiologic races differed in characteristics other than 
pathogenicity, They include certain morphological variations in 
chlamydospores and smut balls and in color of the spore mass and 
certain differem^es in their effect/ on the host plants as regards stunting, 
dropping of the awns, and degree of laxness in the spikes. 

Turk(\v (C. I. 6175) and Mindum (C. I. 5296) were found to differ 
in susceptibility to certain races of both species when grown under 
different environmental conditions. This variation appears to be due 
to the effcHt of environment on the host rather than ori the fungus and 
is expressed only in the reaction of certain varieties to certain jdiysio- 
logic races. 

iliere are sevcTal agronomically desirable wheat varieties that are 
highly resistant to a large numbc'r of the known physiologic races of 
TlllctUi tritici and 7\ lerU, No two of these varieties are susceptible 
to the same race. It should be possible, therefore, to obtain hybrids 
in which factors governing resistance to all races of TUletia are com¬ 
bined with those governing other desirable agroriomic characters. 
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FUSARIUM RESISTANCE IN WISCONSIN ALL SEASONS 

CABBAGE' 

By L. M. Blank - 

Aasistant pathologist^ Division of Fruit and Vegetable Crops and Diseasesj Bureau 
of Plant Industry, United States Department oj Agriculture 

INTRODUCTION 

The control of the yellows disease of cabbage {Bnninica oleracea L.) 
lias been effected through the development of varieties of cultivated 
cabbage (J5. oleracea capitata L.) that are resistant to the soil-borne 
parasite, Fusariurn conglutinans Wr. Wisconsin All Seasons, one of 
the first of the yellows-resistant varieties developed, was released 
for commercial distribution in 1920 (6).^ The parent strain (XXV-~ 
7-2s) was a progeny derived from the self-pollination of a plant of the 
variety All Seasons which had remained free from disease on yellows- 
infested soil in the Wisconsin field trial of 1916. Trials of this progeny 
in the field in 1917 and 1918 gave 5 and 1 percent disease, respectively, 
while All Seasons showed 80 and 60 percent, respectively. Heads 
selected from this strain served as the foundation stock from which 
the resistant variety Wisconsin All Seasons w as derived. This variety 
is wddely used for sauerkraut manufacture in the Middle West and 
consistently shows a high percentage of disease-free individuals on the 
most severely infested field soils. 

Recent studies with Wisconsin Hollander (1) have shown that it 
did not contain the single dominant gene for resistance to yellows, as 
has been described in a number of the resistant varieties of cultivated 
cabbage, in brussels sprouts {Brassica oleracea gemmijera DC.), in 
kohlrabi {B, oUracea caulo-rapa DC.), and in wild cabbage (B. 
oleracea) {2, 8, .9, 10, 11). Resistance to Fusariurn in Wisconsin 
Hollander is apparently due to a number of factors, cumidative in 
effect, wdiich control a type of resistance that is effective at moderate 
soil temperatures but not at constant soil temperatures of about 24® C. 
Resistance in the other investigated varieties of cabbage and allied 
forms is due to a single dominant factor and remains effective at soil 
temperatures of 24® and slightly above on heavily infested soils. 
This type of resistance is designated as type A. I'he other, mani¬ 
fested by Wisconsin Hollander, is designated as type B. The chief 
difference between the two types, on which the technique of distin¬ 
guishing them is based, is that type A is due to a single dominant 
gene, wdiereas type B is more complex genetically. Plants of type A, 
when crossed with a very susceptible line, yield Fj progenies that 
remain free from yellows when grown on infested soil at a constant 
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temperature of 24°. Plants of type B so crossed yield progenies 
that succumb to the disease on infested soil at 24°. 

Wisconsin All Seasons has never been examined critically as to the 
nature of its resistance. The studies herein reported were under¬ 
taken to determine the nature of resistance in this variety and to 
improve the variety in uniformity and in other characters. 

MATERIALS AND METHODS 

The cabbage material from which selections were made represented 
two strains of the resistant variety Wisconsin All Seasons (WAS-1 
and WAS-2). Other lots used for comparative purposes included 
two lots of the susceptible variety All Seasons (AS--1 and AS-2), a 
highly susceptible conunercial variety of Danish Ballhead, and a 
homozygous susceptible line (77- series) derived from a Flat Dutch 
variety. As the result of numerous field and greenhouse trials, the 
last two lots of material were known to be very highly susceptible to 
the yellows disease and apparently carried little or none of type B 
resistance. Individuals from the 77- line were used as a source of 
pollen for crosses. Throughout the discussion of results this line will 
be referred to as a highly susceptible line of cabbage. 

The material used for breeding purposes was handled in the manner 
described by earlier writers {11). Controlled pollination was effected 
in the greenhouse, where flowering branches were covered with glassine 
bags to reduce the chance of contamination by other pollen. Field 
trials were conducted on thoroughly infested soil in Racine and 
Kenosha Counties, Wis. Seedbeds were planted on yellows-free soil, 
and the seedlings were transplanted to the trial plot during the early 
part of July. The development of disease symptoms was followed 
throughout the season, bamboo stakes being used as permanent 
markers of plants showing external symptoms of the yellows disease. 

To supplement the field studies, additional trials were conducted on 
yellows-mfested soil in the greenhouse. Artificially inoculated soil 
(prepared by adding corn meal-sand cultures of the yellows organism 
to yellows-free soil), naturally infested soil from Racine County, or a 
mixture of the two types of soil was used. Thorough infestation of 
the several soils was evident from the reaction of susceptible seedlings 
used in each greenhouse experiment. The trials were conducted under 
semicontrolled and controlled soil temperatures. In the first case, the 
seedlings were transplanted to benches or flats containing yellows- 
infested soil and a soil temperature favorable for disease deveiopinent 
was attained by adjusting the surrounding air temperature of the 
house. Wide fluctuations in the soil temperature occurred, but in 
general a temperature favorable for the expression of disease symptoms 
was maintained. Controlled soil temperatures were secured by the use 
of Wisconsin soil-temperature tanks. 

EXPERIMENTAL RESULTS 

During the early progress of the work it was observed that in the 
field trials of the progenies from self-pollination there was a marked 
deficiency of diseased individuals in supposedly homozygous suscep¬ 
tible (rr) progenies and in segregating {Rr) progenies. It was evident 
that there exists in Wisconsin All Seasons a condition in some respects 
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similar to that observed in Wisconsin Hollander by Anderson {1) 
(type B resistance). The inheritance of type A resistance and of 
type B resistance is discussed separately in the following sections. 

TYPE A RESISTANCE 
Fi Progenies 

The initial head sele(‘tions vrere made from two lots of the Wiscon¬ 
sin All Seasons variety in 1931 and 1932. The heads selected in 1931 
represented plants of the best type from a population that had been 
subjected to severe selection for resistance in a yellows trial conducted 
in the greenhouse; some of those selected in 1932 were from a yellows- 
infested field, others from a yellows-free field. The seed grown from 
the heads selected in 1931 and 1932 was produced under conditions of 
controlled pollination in the greenhouse in 1932 and 1933, respectively. 
Some of the blossoms on each plant w^ere self-pollinated and some w^ere 
crossed with pollen from a highly susceptible line. 

The Fj progenies from self-pollination were tested in the field in 
1933, and certain of the lines were retested in the field trials of 1934 and 
1935. The progenies of crosses were tested almost entirely in the 
greenhouse, although several ^vere included in the field trials. 

The results of trials in the field, in the greenhouse under semicon- 
trolled soil temperatures, and in the soil-temperature tanks are con¬ 
sidered sejiarately (table 1). On the basis of their disease reaction 
under controlled conditions, the Vi progenies have been grouped into 
three classes according to the apparent genotype of the parent plant 
The homozygous-susceptible (rr) class includes those plants the 
progenies of which comprise only susceptible individuals. The 
heterozygous-resistant class (Rr) includes those plants the progenies 
of which, from self-pollination, show approximately 25 percent of the 
individuals diseased and, from crossing with a homozygous-susceptible 
line, approximately 50 percent of the individuals diseased. The 
homozygous-resistant class (RR) of plants yielded no significant 
number of susceptible individuals in the Fj progeny either from self- 
pollination or from crossing with a homozygous-susceptible line. 

Table 1 .~ ’Behavior of F\ progenies of selected plants showing type A resistance to 
Fusarium in field and greenhouse 


Comiitions of test 


Field.. 


Greenhouse, semicon- 
trolled... 

Qreenhou.se, controlled 
(24® C.). 


Progenies from self-jKillination 


Progenies from cros.s of selected 
plant with suswptible line 


iienoiype oi 
parent plant 

Prog- 

enies 

tested 

Total 

Diseased 

Prog¬ 

enies 

tested 

Total 

Diseased 


plants 

plants 

plants 

plants 


Number 

Number 

Permit 

Number 

Number 

Percent 

rr .. - 

11 

440 

27 

3 

142 

64 

Rr .. .. 

27 

2,017 

5 

. 



RR, - 

9 

400 i 

2 




rr.,.. 

2 

03 ! 

92 


' 227 

98 

Rr. , . 

20 

2,715 ! 

19 

1 34 ! 

3,445 

46 

RH. 1 

2 

LSI 

0 

9 

624 

0 

rr .. . 

7 

218 

91 

! 8 

643 

98 

Rr .. 

21 

1,463 

22 

‘ 16 

l.lf>2 

48 

RR .. - 

7 

200 

0 

1 

1 f) 

236 

0 
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It soon became evident that the genotypes could not be distin« 
guished on the basis of field trials alone. However, under the more 
favorable conditions for the disease in the greenhouse trials, both 
semicontrolled and controlled, the genotypic constitution of plants 
could be determined quite accurately on the basis of progeny tests. 

F2 Progenies] 

From 11) of the Fi selfed progenies selections were made for seed 
production representing the three genotypes of type A resistance, 
and F 2 selfed seed was secured from 108 of the Fi plants. From 103 
of the plants seed was obtairu^d from a cross with susceptible plants. 
The Fo selfed progenies and the Fi progenies from the susceptible 
(‘Tosses were tested in the field, some of them during two successive 
seasons, as well as in the greenhouse. The disease reaction in the 
greenhouse trials showed that they were derived from mother plants 
representing one or another of the three genotypes (table 2). Lack 
of expression of disease symptoms was very evident in certain of the 
progenies in the field trials, preventing an accurate determination of 
the number of individuals in the susceptible class. However, when 
such progenies were tested in the greenhouse this difficulty was 
largely overcome. Selections from Fj selfed progenies which had 
been classified as homozygous for resistance were found to yield 
completely resistant F 2 families. 


Table 2, —Behavior of F 2 progenies showing type A resistance to Fusarium in field 

and greenhouse 


Conditions of test 

Genotype of 
parent plant 

Progenies from self-pollina¬ 
tion 1 

Progenies from cross of selfed 
Fi With susceptible line 

Prog¬ 

enies 

te.sted 

Total 

plants 

Diseased 

plants 

Prog¬ 

enies 

tested 

Total 

plants 

Diseased 

plant.«^ 

Field .. 

\rr . 

Number 

18 

50 

39 

8 

42 

26 

13 

8 

13 

Number 
880 
2,641 
2,291 
746 
3,128 
1,512 
830 
355 
338 

Percent 

12 

5 

0 

72 

22 

.07 

80 

18 

0 

Number 

7 

Number 

240 

Percent 

58 

Rt . . . 

Greenhouse, seinicon- 

rml Ipr1 

RR--. . _ . 

rr . 

Rr ... _ 




16 

46 

38 

11 

8 

1 

L 

1,290 
2,243 
1,810 
475 
480 
75 

92 

45 

^ 0 

99 “ 

54 

0 

vL vilvVA 

Greenhouse, controlled 
(QA° r ) 

RR . 

rr .. __ 

{l?r . 


RR . 


i Selfed 2 Renerntioiis, 

Fs Prooeniks 


From the selfed F 2 material in the field trials, selections were made 
chiefly from the homozygous-resistant lines. Inasmiich asresistance 
had been established in a homozygous form in many of the plant lines, 
the selections were secured from those lines that appeared to approach 
most nearly the ideal type of Wisconsin All Seasons. The plants were 
paired in the greenhouse, sib crosses were made, and on many of the 
plants a cross with a very susceptible line was also made. The sib- 
cross prt)genie8 were tested for yellows reaction in the field, and all 
remained free of disease symptoms with the exception of three of the 
progenies, in each of which one yellows plant was found. Further 
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study in the greenhouse of these progenies and of the corresponding 
susceptible-cross progenies revealed tiiat one of the parents in each 
of the sib crosses was heterozygous for resistance, apparently due to a 
chance contamination in the generation with pollen of a susceptible 
line. 

The results presented indicate that a certain percentage of individ¬ 
uals of the Wisconsin All Seasons variety carry the factor for type A 
resistance. However, it was pointed out that in the initial selections 
from this variety a large percentage of the individuals carrying only 
type B resistance were probably eliminated by exposure to high soil 
temperatures. A majority of the individuals surviving this treatment 
were either heterozygous'or homozygous for the type A gene (/?). 
However, certain of the progenies classed as homozygous recessive for 
this gene (rr) on the basis of their greenhouse reaction were highly 
resistuTit in the field. In the F 3 selfed progenies having this consti¬ 
tution, oidy 2 per(*ent of the plants became diseased in the field as 
contrasted with 93 percent diseased at a soil temperature of 22® to 
24® C. in the greenhouse. Resistance in these lines was comparable 
to that described by Anderson (1) in Wisconsin Hollander and is 
discussed as type B resistance in the following section. 

TYPE B RESISTANCE 

As pointed out by Anderson (f), the expression of type B resistance 
is most pronounced at the lower soil temperatures on infested soil in 
field and greenhouse. It was observed that the progenies in Wis¬ 
consin All Seasons that were heterozygous or homozygous recessive 
for type A resistance commonly showed a percentage of diseased 
indivi(luals lower than the theoretical, particularly in field trials in 
which commercial susceptible varieties and very susceptible selections 
from a variety other than AVisconsin All Seasons consistently show’ed 
a high incidence of disease. Inasmuch as the presence of type A 
resistance in any progeny obscures the expression of type B resistance, 
the studies liercin reported were confined to the progenies that wen' 
homozygous for the recessive gene, r. 

In table 3 are presented results of field and greenhouse trials of lines 
of Wisconsin All Seasons in wliich type A resistance was lacking. In 
the field trials the progenies show'ed a range from all plants diseased 
(25- G7 selfed and 25-117 selfed) to complete freedom from apparent 
symptoms. Several of the susceptible-cross progenies included 
in the field trials showed a lower degree of resistance than did the 
selfed progenies of the female parents of those crosses. When sub¬ 
jected to trials in the greenhouse the progenies gave a much closei* 
approximation to the expected amount of disease than was obtained 
in the field trials, showing the important influence of soil temperature 
in the expression of type B resistance. In order to secure additional 
data concerning the effect of soil temperature on this type of resistance, 
experiments w^re conducted in the soil-temper iture tanks over a 
range of soil temperatures. The expression of symptoms increased 
with rise in soil temperature, not only in percentage 01 plants diseased 
blit also in the severity of disease manifestation. The influence of 
soil temperature upon the rate of disease development and severity 
of expression is illustrated graphically in figure 1 . 



B 

—T» -17 - i\ -^-^-, 

TIME (DAYS) 



Fuiurb 1. (See legend on opiK>slte page) 
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Table 3. —Occurrence of disease in Fy progenies of Wisconsin All Seasons cabbage 
homozygous recessive for type A resistance to Fusarium but carrying various 
degrees oj type B resistance 


Progenies from self-pollination of 
selected plants 


Progeties from cross of selected plant 
with homozygous susceptible line 






CIreenhouse, 

Greenhouse, 




Greenhouse, 

Greenhouse, 

Parent 
plant no. 

Field trial 

semicon- 

controlled 

Field trial 

semicon* 

controlled 




trolled 

(24® 

C.) 




trolled 

(24® 

C.) 


Year 

Total 

plants 

Diseased 

plants 

Total 

plants 

Diseased 

plants 

Total 

plants 

Diseased 

plants 

S 

Total 

plants 

Diseased 

plants 

Total 

plants 

Diseased 

plants 

Total 

plants 

Diseased 

plants 



ATtt?/*- 

Per- 

Nvm- 

Per- 

Nam- 

Per' 


Num- 

Per- 

Num- 

Per- 

Num- 

Per- 



ber 

cent 

her 

\ 

cent 

ber 

cent 


ber 

cent 

ber 

cent 

ber 

cent 

25-28. .. . 

/1933 

U934 

22 , 

(Jj 


33 

97 

fl934 

119.35 

19 

37 

0 

67 

} 

86 

126 

97 


2 

0 

/ -■ 





25-4« . 

i| 

52 

9 

27 

u 

} - 


31 

94 

1934 

.34 

76 

20 

85 

200 

99 

25-52... 

1933 

iP 

78 

0 



12 

100 






49 

100 

25-53... 

1933 

11 








65 

98 

25-54 

/1933 

11934 

52 

(15 

\ 


73 

100 








11 

27 

1 . 










11933 

52 

25 

) 











25-58 . 


18 

22 

. 


_ 




- 



77 

99 


Il935 

12 

25 

1 









33 


25-l>0 .. 

1933 

m 

14 

20 

9(1 

48 

67 




63 

87 

97 

25-(i7 

1933 

14 

53 

27 

7 

100 

fi 

0 

0 












25-(18. 

(1933 

{l934 

119:15 


89 



gg 

28 

24 

32 

83 

} 47 

94 

69 

97 

25 7:1 

1933 

12 

8 



11 

91 






24 

m 

2.5-79 

1933 

21 

57 

IIK) 

0 



10 

100 






25-117 

1933 

23 



i 






25-13(1_ 

I9:i4 

25 



45 

96 




51 

ioo 

32 

100 

25 137.... 
25-139 .. 

19:i4 

1934 

25 

17 

0 

0 



.45 

5 

86 




35 

33 

100 

100 





80 


... 


59 

97 

25 141. 

1934 

51 

0 

() 

"'so' 

1 104 

80 




26 

100 

24 

100 

25-152 .. 

/19:i4 

11935 

4() 

30 

22 

80 

] - 

114 

05 


_ 

. 


126 

90 

29 

100 

25-193 .. 

11934 

h9:i5 

(15 

4(i 

18 

39 

} 223 

80 

185 

89 

1935 

70 

94 

180 

98 

99 

100 

25 205 .... 

11934 

U9:i5 

74 

:i0 

4 

27 1 

} 30 

70 

44 

93 

19:45 

46 

70 

124 

91 

45 

98 

25-212. 

1934 

44 


124 

62 

62 

98 j 




139 

87 

24 

100 

25-218. . . 

119:14 
I19:i5 1 

(IS I 
1 39 

i'l 

} 

57 






I 48 ' 

[_; 

94 



0 I 




. 



1 . 


Pro^ony 25-242 soiled was homozygous for type A resistance and 
remained free of disease s^^mptoms throughout the trial. Progeny 
77-34-A was a very suscej)tible lino, resulting trom a cross between 
several plants that wwe used as the source of pollen in the susceptible 
crosses and that were homozygous susceptible for type A resistance. 
Progeny 77 34-A was practically free from typo B resistance as indi¬ 
cated by the ra])idity and severity of disease development. Selfed 
progenies 25-152, 25-193, and 25-141 were homozygous susceptible 
for type A resistance, but according to field trials (table 3), carried 


PicURE l.—Comparison of four progenies (25-141 S(‘lfed, 25-141 X 77-. 25-152 selfod, and 25-193 selfed) 
of Wisconsin Ail Styisons cabbage, showing type B resistance to yellows, with a very susceptible line 
(77-34-A) and with a progeny (25-242 selfed) homozygous for type A resistance, grown on Fusarium' 
infested soil at constant temperatures of 18® and 24® C. A and li, Incidence of disease (total aifected plants) 
at 18® and 24®, respectively. The rate of development of symptoms is most rapid at the higher soil tem¬ 
perature. C and n, Severity of disease (i>lants dead) at 18® and 24®, respectively. At the lower soil 
temperature the very susceptible line (77-34-A) succumbed promptly, whereas the progenies carrying 
type B resistance varied in the rate and severity of disease development. At 24® these progenies suc¬ 
cumbed, though less rapidly than did the very susceptible line. The hybrid progeny (25-141 X 77-) 
between plants high and low in degree of type B resistance was intermediate in its disease reaction 
between that of the parents. Progeny 25-242 selfed was homozygous for type A resistance and remained 
free of disease symptoms throughout the duration of the experiment. 
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different degrees of type B resistance. At both 18° and 24° C., these 
lines showed more resistance than did 77-34-A and maintained the 
same relative position as to degree of resistance that they had in the 
field trials. At 18°, 25-141 selfed showed but 61 percent of the plants 
diseased and none dead, whereas at 24° all plants were diseased and 14 
percent were dead at the conclusion of the exi)criment. The suscep¬ 
tible-cross progeny of plant 25-141 gave a disease reaction inter¬ 
mediate between that of 25-141 selfed and 77-34-A, substantiating the 
evidence that, to some extent, typo B resistance was transmitted to 



Figure 2 —Comparison of three lots of eabbace showing varying degrees of type B resistance; trial on 
naturally infested soil in Kenosha County, Wis., in 1935. .1, Frogeny 25--riSs, Fz inbred generation, 
remained free of apparent syiniilorns B, Progeny 2.5-462 X 77-. a cross of an Fj plant with a very sus¬ 
ceptible line, showed 17 plants diseased in a population of 60, of the diseased plants, Hi were only slightly 
ailect.ed and 1 was dead C\ A commercial susceptible line of the Danish Ballhead practically ail 
of the plants were diseased, wdth the majority either severel.v diseased or dead The same jirogenies at 
a constant soil temperature in the greenhouse are shown in figure 3. 


and expressed in the Fi hybrid of a cross between lines high and low in 
expression of this character. 

From certain of the linos with type B resistance, individuals were 
selected in the 1933 field trials that had failed to show symptoms. The 
F 2 inbreds remained, with one exception, entirely free from symptoms 
in the field (fig. 2), and displayed a degree of type B resistance equal 
to or exceeding that of their parental lines (table 4). This result was 
anticipated, inasmuch as the F 2 inbreds wore secured from Fi plants 
that had remained free from disease in the field and that i)resumably 
had carried more typo B resistance than did sister plants that had 
manifested symptoms. In the field, progenies from the crosses with 
susceptibles showed disease ranging from 5 to 73 percent. The 
behavior in the field of the F 2 progenies from self-pollination and the 
progenies of susceptible crosses indicated that type B resistance was 
dispersed to some extent when a cross was made with plants carrying 
little or none of this resistance. In the greenhouse the resistance of the 
F 2 inbreds was broken down (fig. 3). 
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Table 4. —Occurrence of yellows in F 2 and F 3 progenies selected from plants free 
from type A resistance to Fusarium hut exhibiting type B resistance 


Parent 

l)roj?eny 

no. 




2 :^ 

25- 

25-27.V. 


(Generation 
and prog¬ 
eny no. 


F2 

[25-262.. 


12.5-265_ 

[25-275 .... 


Progeny from self-pollination 


Field trial 


/1934 
11935 
11934 
U935 
/1934 
\1935 
1935 


2.5-423.... 

25-424. 1 1935 

125-425_ I 1935 

(25-411 .... 1935 
125-412.. .. 1935 


Mo 

57 

19 

16 

2 

53 

3b 

26 

14 

36 

22 

14 


Green¬ 

house, 

semicon- 

trolled 


Pci 

0 

0 

0 

0 

0 

0 

0 

0 

(} 

9 

0 


F. i 

/25-461,... 1.1... . 

125-462.... , 1935 1 74 j 
2.5-465.... 1935 ! 4 1 
/25-46«. .. I 1935 i 16 1 
12.5 472 ....; 1935 | 19 | 

I_i 


Pet 


« ' 

0 '. 

0 


Green¬ 
house, 
controlled 
(24® C ) 


i2 

a 

2 

O 

H 

Mo, 

48 

36 


94 


Progeny from cross of inbred Fi or Fj 
with a homozygous susceptible line 


Field trial 


' -Vo 
1935 i 26 


Green¬ 

house, 

henneon- 

trolled 


Green¬ 
house, 
controlled 
(24® C.) 


Xo. I Pet. Mo. 
37 i 100 43 


1935 I 26 
1935 ! 26 i 31 
1935 : 25 24 


1935 21 


72 

37 

1.58 

127 


75 

80 

96 

88 


29 


50 


55 ' 95 ; 41 
33 j 73 L... 


100 

'i(Vl 


95 

84 

»'•> .. 

60 93 ! 1935 , .50 34 

_|... 1 ....i. .. '. 

175 

!.. 

; 80 i 59 1 86 



1 ! 1 

10 

80 j. 


j 

1 ' . 

.1.1. 

j_1_1_ 


Sovonil of Iho F 2 progenios were carried through another generation. 
-Vlthough the luiniber of jirogenies involved was small, there was 
evidence that type B resistance was relatively stable through three 
geiKU-ations of self-pollination (fig. 4). As usual in greenhouse trials, 
type B resistance was broken down upon e.xposure of seedlings to 
higher soil toinperaturos. 

T^BLK 5.-' Occurrence of disense in F 2 progenies of a cross hetween plants carrying 
type B resistance and a very susceptible plant 


TT ..>ir .^^11 pFogeiiy from backcro.ss with homo- 
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Figure 4 (See legend on opposite page) 
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From the progenies of crosses of plants 25-28, 25-46, and 25-68 
with susceptibles, selections were made of those progenies that showed 
in the 1934 field trial 0, 76, and 32 percent plants diseased, respectively 
(table 3). Seed was produced from the selected heads, and the re¬ 
sults of the resistance tests are presented in table 5. 

DISCUSSION 

The object of this investigation was to determine the nature and 
inheritance of resistance to Fusarium in the Wisconsm All Seasons 
variety of cabbage. The presence of type A resistance, due to a 
single dominant gene, was demonstrated in inbred progenies from 
many of the plant selections. This was in accord with the results of 
other workers on other varieties of cabbage and certain of the sub¬ 
species of Brassica oleracea. However, it was found that in Wiscon¬ 
sin All Seasons there was also a second type of resistance, referred to 
as tyjie B. The latter type is apparently similar to that described 
by Anderson for Wisconsin Hollander, in which type A resistance is 
lacking. Type B resistance is characterized by an optimum manifes¬ 
tation at the lower soil tem})eratures, but at the higher soil tempera¬ 
tures it breaks down and the plants succumb to the disease. This 
res])onsc to soil temperatures made it impossible to differentiate 
accurately between the two types of resistance in field trials and 
necessitated trials under conditions of higher soil temperatures in the 
greenhouse. 

Inasmuch as the presence of type A resistance, either in the homo¬ 
zygous dominant {HR) or heterozygous (Hr) form, obscured the mani¬ 
festation of the presence of type B resistance, it was nect'ssary to 
work with progenies that were homozygous recessive (rr) for type A 
resistance. Such progenies varied greatly in the degree of type B 
resistance, showing a lange in the 1933 field trials from all plants 
diseased in two of the progenies to complete freedom from symptoms 
in other progenies. Selections from Fi progenies, which apparently 
carried a (*onsiderable degree of type B resistance, yielded F 2 and F 3 
progenies that maintained a high degree of such resistance in succeed¬ 
ing field trials. Nevertheless, the resistance of all was capable of 
being broken down under greenhouse trials, where more severe con¬ 
ditions prevailed. It was observed, however, that the progenies 
tested in the greenhouse displayed the same relative degree of type B 
resistance as was shown in the field trials. The presence of type B 
resistance was manifested in greenhouse trials by the delayed devel¬ 
opment of symptoms and their less serious expression. In some of 
the progenies showing a high degree of type B resistance it was only 
by prolonged exposure at the higher soil temperatures that a complete 
or nearly complete break-down of resistance could be secured. 


Figxtrb 3.— Comparison of the three lots of cabbage shown in field trials in figure 2, when grown on infested 
soil in the greenhouse at a controlled soil tem^ierature of 23*^ C.; photographed 19 days after being trans¬ 
planted. Af Progeny 2&’“425s: 77 percent diseased and 28 percent dead. B, Progeny 25-462 X 77-, a 
susceptible cross of an Fa plant: 79 percent diseased and 63 percent dead. C, A commercial susceptible 
line of the Danish Ballhead tyiie: 100 percent diseased and 88 percent dead. The relative resistance shown 
in the field trials was maintained; but the infection conditions were more severe, and all phuits finally 
succumbed to the disease. 

Figpke 4.—Comparison of two lines of cabbie, both homozygous for the recessive gene (r) for type A 
resistance but aiflering in the degree of type B resistance. D, Line 77-. in hich there is little or no ty t>e 
B resistance. Af B, and C, The Fi, Fa. and Fa progenies (25-58,25-262, and 25-462), respectively, of a line 
in which a high denee of type B resistance occurred. In tlie field trials there were 25, 0, and 3 percent 
plants disea^ in the Fi, Fa, and Fa progenies, respectively, but these progenies showed close to KIO iier- 
cent of plants susceptible at a constant soil temperature of 24° C (tables 3 and 4). 

22709—37-3 
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In lines of cabbage carrying both type A and type B resistance, the 
latter type is distinguishable only in those individuals that may segre¬ 
gate as homozygous recessives for type A resistance. That type B 
resistance is of importance is evident in the behavior of the resistant 
variety Wisconsin All Seasons. On thoroughly infested soil in Wis¬ 
consin this variety seldom shows as much as 10 percent disease; 
whereas, when tested at liigh soil temperatures (24° C.) in the green¬ 
house, it may show as high as 30 percent disease. Under field condi¬ 
tions there are apparently a considerable number of homozygous 
recessives for type A resistance that contain a sufficiently high degree 
of type B resistance to enable them to remain free of apparent disease 
symptoms. Wisconsin Hollander, a variety of cabbage that carries 
only type B resistance, illustrates the effective value of the latter in 
seasons when temperatures are moderate. Conversely the ineffective¬ 
ness of type B resistance is very evident in Wisconsin Hollander 
during seasons of hi^h soil temperatures, when a major part of the 
crop often becomes diseased. 

Evidence of the presence of what we now refer to as type B resist¬ 
ance may be had by an examination of earlier studies on inheritance 
of resistance to Fusarium in cultivated cabbage and in other sub¬ 
species of Brassica oleracea. Walker (8) earlier pointed out that dif¬ 
ferences in the rate and severity of disease development occurred 
among various susceptible progenies in certain cabbage varieties and 
that in addition to the main gene for resistance there might be heredi¬ 
tary factors which would modify the expression of the disease. In 
the light of present knowledge it is reasonable to believe that many 
of the jdant lines which displayed a considerable number of ijlants in 
the “mildly susceptible^' or “recovered" classes were expressing type 
B resistance. 

The extent to which typo B resistance can be concentrated in any 
given line of cabbage is problematic. The results of present studies 
indicate that a high degree of type B resistance was maintained through 
three generations by self-pollination. 

The inheritance of resistance to other vascular Fusaria has been 
studied in the pea (Pisum sativum L.), in flax (Linvm usitatissimum L.), 
and in cotton (Gossypium spp.). Wade (7) working with a number of 
varieties of canning peas, found that resistance to fusarium wilt 
{Fusarium orthoceras var. jrisi Linford) was based on a single domi¬ 
nant gene. There is very little suggestion in his results of a condi¬ 
tion siinilar to that due to type B resistance in cabbage. As a result 
of studios on the inheritance of resistance in flax to wilt (F. lint 
Bolley) Burnham (5, pp, 738, 743) said: 

The fact that there are strains that apparently breed true for different degrees 
of wilting may be taken as evidence that several factors are concerned in wilt 
resistance. One might assume different genetic complexes for the various degrees 
of resistance; and, further, that each has its own normal curve of variation in 
development of the resistant property. Under different environments different 
proportions of the least resistant side of the curve would succumb. The occur¬ 
rence of some wilt in resistant lines which probably are homozygous, makes 
genetic analysis of the crosses more difficult. ♦ ♦ ♦ Crosses between certain 

resistant lines of different origin showed a high percentage of wilt, indicating that 
they may carry different factors for resistance, 

Burnham (3) found in general that flax families showing high or low 
percentages of wilt in the field gave the same reaction in the green¬ 
house, which is similar to the behavior of cabbage lines with type B 
resistance. 
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Studying the inheritance of resistance to fusarium wilt {Fusarium 
vasinjectum var. aegyptiacum Fahmy) in a number of varieties of 
E^ptian cotton, Fahmy (5) concluded that resistance and suscepti- 
bUity are hereditary characters, immunity being dominant and appear¬ 
ing to give a simple Mendelian segregation. In crosses between im¬ 
mune plants and higlily susceptible ones, he found in the F 2 genera¬ 
tion three immune to one susceptible when plants that showed mild 
symptoms and recovered, as well as plants that succumbed, were con¬ 
sidered as susceptible. The class that Fahmy designated as resistant 
included plants which showed typical leaf mottling in the seedling 
stage but which recovered and developed into apparently normal 
plants. In the adult stage such plants commonly showed a restricted 
darkening of the vascular cylinder of the root, from which the causal 
organism of wilt could bo isolated. Differences were noted by Fahmy 
in the rate of development of symptoms in the different lines studied. 
It is probable that in the material studied by him there were modify¬ 
ing factors for resistance, similar to type B resistance in Wisconsin 
All Seasons cabbage, as well as resistance controlled by a single 
dominant gene. 

Edgerton and Moreland (4) made no attempt to determine the 
inheritance of resistance to Fusarium in the tomato, but their results 
indicate that in the material they observed resistance is probably of 
the intermediate type, similar to type B resistance in cabbage. It is 
of significance to note that, while the percentage of plants showing 
evident (external) symptoms of wilt in the wilt-resistant tomato 
varieties was rather low, the actual percentage of wdlt-infected plants, 
as detennined by the CTitting of stems, was much higher. A similar 
condition has been noted in cabbage plants of susceptible progenies 
which may manifest no apparent symptoms throughout the growing 
season but which, on examination of cut stems or roots, may show 
evidence of infection. 

SUMMARY 

This pai)or reports a study of two types of resistance of the Wisconrin 
All Seasons variety of cabbage to the yellows organism, Fusarium 
conglutmans Wr, Plants w^ere selected from a population that had 
undergone a severe reduction in numbers from yellows as well as from 
a i)opulation grown on yellows-free soil. The plants were self-T)olliiiated 
and crossed with homozygous-susceptible plants frojn a highly sus¬ 
ceptible line. 

The progenies were tested for yellows reaction on thoroughly 
infested soil in the field and in the greenhouse. The greenhouse trials 
were conducted with semicontrol and control of soil temperatures. 

The Wisconsin All Seasons variety carries at least two types of 
resistance. Type A resistance, due to a single dominant gene, is 
apparently similar to that described for other varieties of cabbage, 
for bnissels sprouts, and for kohlrabi. It remains effective at rela¬ 
tively high soil temperatures (about 24° C.). Type A resistance was 
demonstrated in progenies of many of the plant selections. It was 
transmitted through the tliree generations of material studied. A 
second type of resistance, referred to as type B, was also found in 
Wisconsin All Seasons. It is apparently similar to that described for 
Wisconsin Hollander, and is complex genetically, apparently influ¬ 
enced by several genetic factors. It is characterized by having its 
most effective expression at the lower soil temperatures, while at the 
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higher soil temperatures of about 24® plants that have only type B 
resistance succumb to the diseiuse. 

Under the conditions i)revailing in the field trials, type B resistance 
was effective in different degrees in the several progenies. Some, 
evidently carrying high degrees of such resistance, showed no external 
symptoms of the disease; other progenies gave evidence of less resist¬ 
ance by development of a considerable percentage of mild infection; 
and stnl others succumbed promptly to the disease. 

In the greenhouse trials with controlled soil temperatures the 
expression of type B resistance was suppressed, all progenies even¬ 
tually succumbing to the disease. Under sernicontrolled or fluctuat¬ 
ing temperatures, typo B resistance was partially expressed, resulting 
in a delayed and less severe development of symptoms of the disease. 

In the greenhouse trials, as in the field, different progenies showed 
differences in rate and severity of disease development, indicating 
various degrees of typo B resistance. 

The severity of yellows disease in Wisconsin All Seasons cabbage 
depends on the genetic make-up with reference to type A and to type 
B resistance, on soil temperature, and possibly on other conditions that 
influence the expression of resistance. 
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FACTORS AFFECTING CHLOROSIS IN IRRIGATED 

WHEAT ‘ 


By D. W. Robbrtbon, agronofuint, and Robert Gardner, associate agrenomistf 
Colorado Agricultural Experiment Station 

INTRODUCTION 

A tendency of Marquis wheat to turn pale when irrigated at germi¬ 
nation has been noticed in previous studies, and a similar tendency 
has been observed in the field when heavy rains occurred soon after 
the wlieat emerged. The pale-green color may last for 3 to 6 weeks 
before the plants recover their normal green appearance. This mild 
chlorotic condition has been attributed to the use of cold water for 
irrigation, but experimental data to support this belief are lacking. 
Beca\ise of this a study was made of the effect on chlorosis of (1) the 
temperature of the irrigation water at germination and (2) the type 
of fertilizer used. 

EFFECT OF TEMPERATURE OF IRRIGATION WATER ON YIELD OF 
WHEAT IRRIGATED AT GERMINATION 

EXPERIMENTAL METHODS 

Studies on the effect of applying irrigation water of diflerent tem¬ 
peratures, to Marquis wheat {Triticnm aestimm L.) on Fort Collins 
loam (7) ^ were conducted for a 4-year period from 1927 to 1930, 
inclusive. 

The experiment was carried on each year on land wliicli had been 
summer-fallowed the previous year. Tliis summer fallow was neces¬ 
sary in order to obtain a more unifomi moisture content in the soil 
and also to eliiuimite volunteer grain and control weeds. In 1928 
and 1929, a single series of 10 plots, each one five-hundredths of an 
acre in size, was used. In 1930, two series of similar plots were em¬ 
ploy eil. Each series was planted to Marquis wheat at the rate of 90 
pounds per acre. One drill width of 16 rows was planted in each 
series. 

Tlie wheat was planted on April 8 in 1929 and April 7 in 1930. 
C^invas covers similar to those described by Robertson et al. (o) were 
used to eliminate the efl’ects of rainfall in 1929 and 1930. Water was 
applied at the rate of 6 acre-inches^ to each plot at germination (5). 
The temperatUH's of the irrigation water applied in 1928 were 41° 
and 62° F., and in 1929 and li)30 they were 40° and 60°. 

The basin method of irrigation was used throughout the investiga¬ 
tion. The plots were diked and sufficient water was applied to give 
the required depth. The amount of water required for a given depth 
w^as measured for each plot. The temperatures were controlled by 
ice or steam, depending on whether the water in the pipe line w as 
higher or lower than the teinporature required. The source of the 
irrigation water is discussed in a previous publication {5), 

' Rccoived for publication Apr. 1, 1937, issued October 1937. 

* Reference is made by number (italic) to Literature Cited, 520 

3 Inches of irrigation water refer to inches in depth over the area. 
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The area of each plot harvested was one eight-hnndred-and-seventy- 
firsts of an acre. The 10 center rows were harvested after 3 border 
rows on each side and 1 foot from each end had been discarded to 
eliminate possible border effect. The grain was cut 1 inch above 
the ground with lawn shears, tied in a sheaf, and carefully wrapped 
in cloth to protect the heads, leafy material, and straw. These 
sheaves were shocked under cover and allowed to cure for 3 weeks or 
more. The sheaves were then weighed and the grain threshed. The 
difference between the cleaned grain weight and the total grain and 
straw weight was used as the straw yield. 

EXPERIMENTAL RESULTS 

The studies conducted with irrigation water at temperatures of 40° 
and 60° F. applied at germination, show a slight difference in grain 
yield in favor of the plots receiving the water at 40°. However, in 
1930 when the number of replications was sufficient to make the 
application of statistical methods possible, no significant differences 
were obtained. The straw yield was slightly higher for the plots 
irrigated with water at 60°, but was not significantly different (table 1). 


Table 1. -Yields of grain and of straw from plots irrigated at germination with 

water at or 60° F, 



i 

1 Yield pci plot when irngwlion water at indicated 




temperature was used 


Y('ar grown 

Plots 

40° 

F 

1 00° F 



(I rain ' 

1 

' Straw 

1 

! drain 

j Straw 


Numb(r 

Or mm 

, i 

Oramft 

Or atm 

Crams 

J929.. . 

\ 2 

a«K 1 

S20 

m 

H37 

1930.. .. _ _ _ 



[ 017=k2() 

;il8rlrl2 

OMirtZe 


Standard error obtained by the analysis of variance {2) 


An examination of the soil-temperature curves in figure 1, A (1928), 
shows that there was a rise in temperature, in the first foot of soil, of 
about 4° F. 24 hours after treatment. The second day after irriga¬ 
tion, the temperature dropped to within 1.5° of the low-temperature 
treatment. After the fourth day the difference between the two 
treatments did not exceed 2°. 

In the second foot (fig. 1, B, (1928) there was a difference of 
5.5° F. between the two treatments 24 hours after the water was 
applied. The temperature had become equal after 3 days and 
fluctuated only slightly thereafter. 

In 1929 (fig. 2,Aj) the temperatures of the soil in the plots came 
within 0.5° F. of each other 3 days after treatment, and did not 
fluctuate beyond 1.5° during the 10-day period after irrigation. 
In the second foot (fig. 2, 5), there was very little difference. 

These results, considered in connection with the yield data, indicate 
that a difference in temperature in the irrigation water of 20° F., i. e., 
between 40° and 60°, has no effect on the yield of Marquis wheat 
in^ated at germination. 

The minimum temperature of the air is plotted in figures 1 and 2, 
along with the soil temperatures. It will be noted that the soil 
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temperature seems to be influenced more by the fluctuation of the 
air temperature than by the temperature of the irrigation water. 
This is especially noticeable in the curves for temperature 4 days 
after the application of the irrigation water. The following theoretical 
discussion indicates that a rise in temperature of about 10° F. should 
be the maximum difference expected if outside influences have no 
effect on the soil complex and the water added is the only contributing 
factor to the temperature change. 

If water and soil of difl’erent temperatures are mixed, the final 
temperature of the complex (assuming no energy changes duo to 
chemical reactions) may be expressed by the equation: 

where specific heat^ /Wi=the mass, and °Fi=the temperature 
of the constituent having the lower temperature, and C 2 , ^ 12 ^ and 
°F 2 —the corresponding properties of the constituent of higher tem¬ 
perature, and A^“the final temperature. 

If water is already present as soil moisture before irrigation, it 
might be expected that the heat capacity of the soil plus moisture 
would determine the final temperature. However, when water is 
added to the soil surface it does not mix intimately with the soil 
moisture already present, but to a large extent replaces it as the portion 
already present moves downward. It is a question as to how much 
exchange of heat there is between moisture in the soil and moisture 
added under these conditions. Furthermore, the upper layers of soil 
are changed a little by each succeeding increment of water which 
enters, so that at the completion of irrigation the surface will approach 
the temperature of the water added and the extreme depth of pene¬ 
tration will approach the temperature before irrigation. The problem 
is thus complicated by an unknown degree of mixing with the soil 
moisture and the development of a temperature gradient. Other 
complications, of course, are the effects of evaporation and heat 
radiation during the process. 

If we assume that the water added warms or cools the soil only and 
not the moisture already present and that the evaporation and 
radiation eft’ects may be neglected, tlie following example shows the 
average final temperature and depth of temperature change which 
should be expected from adding 6 inches of water at 60° F. to a soil 
at 40°: 


Average field capacity of upper 2 feet (estimated)... _ „ 18.0 percent. 

Ratio of weight of soil to weight of water_ . _ 5.55/1. 

Substituting in equation 1 — 


0.2 . 5.55 
1 


60-X 
A ”40 


= 49 . 47 ^^ 


F. 


Weight of water applied per square foot of surface.__31.25 pounds. 

Average weight per cubic foot of soil (determined).... 88.3 pounds. 

Weight of water absorbed per cubic foot (18 percent of soil)_15.89 pounds. 

Depth of water penetration and of temperature change (no. 3-f- 
no. 5)--- 1.96 feet. 


< Approximate specific heat of soil oi)tainc(l from Patten ( 4 ). 
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The result is approximately a maximum average rise of 10° F. in 
soil temperature to a depth of 1.96 feet. The graphs show, as could 
be expected, that the actual rise in the field was much less than this. 

The change in temperature, wliile appreciable, is small compared 
with the change which could be expected from a snowstorrn. Since 
the heat of fusion of ice is 79.6 calories, an inch of water as ice would 
cool an equivalent amount of water nearly 144° F. 



Figure 1* Temperature of the first (A) and 
second (B) foot of soil for a ‘1-day p<jriod im¬ 
mediately before and a 10-<lay rwriod immedi¬ 
ately after irrigation with water at 40° and at 
(50° F.. as compared with the air temwrature, 
1028. 


Figure 2—Temperature of the first (A) and 
second {B) foot of sod for a 2-duy iieriod ini- 
nicdialely before and a lO-day period immedi¬ 
ately after irrigation with water at 40° and at 
60° F , as compared with the air ternfierature, 
1020 


EFFECT OF DIFFERENT FERTILIZER TREATMENTS AT GERMINA¬ 
TION ON THE YIELD OF WHEAT AND ON THE NITROGEN CON¬ 
TENT OF SOIL, GRAIN, AND STRAW 

EXPERIMENTAL METHODS 

In 1933 a study was started to determine the effect of different 
fertilizer treatments at germination on the development of chlorosis 
and the recovery of Marquis wheat showing chlorosis. Uncovered 
plots of similar size to those used in the temperature study were 
empkyed. The plots were laid out in a 7 by 7 Latin square. The 
chemical treatments and the amounts used are given in table 2. 
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Table 2. —Chemical treatments and amounts applied per acre 


Treatment 


Manganese sulphate.. 

Iron sulphate. 

Superphosphate. 

Ammonium-acid phosphate. -. 

Ammonium sulphate,.. 

Calcium nitrate. 


Salt used 


MnS04+4H80_.-. 

FeS 04 -l- 7 H 20 . 

CaH4(P04)8+Il20 

(NH4)HaP04. 

(NH4)8804. 


ca(isro3)2+4n20. 


Quantity 
t>er acre 


Pounds 
318.70 
297.22 
360.25 
328.80 
188 77 
337.35 


Marquis wheat was planted on April 3, 1933, April 9, 1934, and 
April 1, 1935. 

Treatment of plots ,—In 1933 irrigation water was applied at the 
rate of 6 inches when the wheat had germinated and was just emerging. 
The various series were irrigated as follows: April 20, series E; April 
24, series F and G; April 25, series H, I and plots 3, 4, 5, and 6 on 
Series J; April 26, series K and plots 7, 8, and 9 on series J. The 
chemicals were dissolved in water and sprinkled on the plots within 
24 hours after the 6-ineh irrigation. After treatment with the 
chemical, 1 inch of w uter w as applied to each plot. 

In 1934 a 6-inch irrigation was applied on April 20 to series A and B; 
on April 21 to series C; on April 23 to series D and E; and on April 24 
to series F and G. The treatments were applied in a manner similar 
to that used in 1933. On June 20 and 21, an additional 3 inches w as 
applied to each of the plots. 

In 1935 a 4-inch irrigation was applied on April 5 to series A, B, 
and C. A similar irrigation w as applied on April 6 to series D, E, and 
F. On April 8, series G was irrigated with 4 inches of water. Tliis 
irrigation w’^as necessary because of the diy season of 1934 and of the 
months of Januar>% February, and March in 1935. On April 20, when 
the wheat had germinated, an additional 5-inch irrigation w as applied 
to series A and B. On April 22, series C and 1) w ere irrigated. Series 
E, F, and G w^ere irrigated on April 23. The chemicals were applied 
on all plots in series A to F on April 23 and to series G on April 24. 
Sufficient rain fell on April 24 and 25 to carry the fertilizers into the 
soil so no additional irrigation w^ater was applied. 

Statistical analysis .—In the inte^retation of the data from the crop- 
and-soils tests, the analysis of variance was used. The data were 
so arranged that the various interactions could be tested. Table 3 
presents the analysis of variance for the yield of grain in grams per 
plot. 

Table 3. —Analysis of variance for yield of grain per plot for the S'-year period^ 

1933 to 1935y inclusive 


Variance due to-~ 

I>egrees 

of 

freedom 

Sum of 
squares 

Mean 

.scpiare 

er 

JTi «?) 

Rows ami C4)lumn.s within years.. 

Treatments . ..i 

2 

36 

6 

12 

90 

763,069 
409,889 
224,423 
122.180 
190,127 

381,535 
U,38<> 
37,404 
10.182 
2,112 

. 

180.65 
5 39 
17.71 
4.82 

Treatments x years... 

Error,, ... ....... 

45 96 

Total..... . 


146 

1,709,688 




i 





> All higher than i-percent point. 
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The F test indicates that there is a significant difference in the 
yields between years, rows, and columns within years, and treatments 
X years; the last-named difference shows that the treatments reacted 
differently in different years. 

The test further shows that response of Marquis wheat to some of 
the fertilizer treatments is significant. Similar results were obtained 
for the straw yields and for the total yield of straw and grain combined. 

In 1933 the effect of the various treatments first became noticeable 
about May 30. The plots treated with calcium nitrate were a much 
darker green than the other plots. The plots receiving ammonium 
fertilizer were a shade lighter, but could be distinguished from the 
other fertilizer and the no-treatment plots, which were light green in 
color. In 1934 and 1935, a similar condition was noticeable. 

EXPERIMENTAL RESULTS 
Yield of Grain and Straw 

The average yields in grams per plot for the 3-year period are given 
in table 4. 

Table 4. — The 3-year average yield of grain and of straw from plots irrigated at 
germination and later treated with different fertilizers 


ii 


Treatment 

Yield per plot 

'iVeatmeiit 

Yield iHfr plot 

Gram 

straw 

Total 

Gram 

Straw 

Total 

FeS04.. 

Orams 

832 

Gramit 
1.179 

Grams 

2,011 

lNH4)2S04 - 

Grams 

886 

Grams 

1.319 

Grams 
2, 205 

CaH4(P04)2. 

838 

1,189 

2,027 

NH«1LP04 - _ 

911 

1,349 

2,200 

MnS 04 . 

840 

1,191 

2,031 

Ca(N03)2. 

939 1 

1,492 

2,431 

No treatment. 

844 

1,202 

2.046 ! 


-- 

L _ 





1 

> 1 

Level of siKinfifaiice 
(2 H E. (ditTereiice) 

1 1 

28 1 

49 

77 


The grain yields of the plots treated with ammonium sulphate, 
ammonium pnosphate, and calcium nitrate are significantly higher 
than the yields of the no-treatment plots. The yields of plots treated 
with iron sulphate, superphosphate, or manganese sulphate do not 
differ significantly from the check. The straw yields show the same 
trend. The ammonium- and nitrate-treated plots gave the highest 
yields. These data indicate that the chlorotic condition of Marquis 
wheat produced by early irrigations evidently is due to a nitrogen 
deficiency. 

To study further the effect of early irrigations on Marquis wheat, 
soil samples were taken at intervals throughout the season and 
analyzed for nitrate nitrogen. Samples were taken in all plots, 
making, in all, seven samples for each treatment. The samples were 
taken for the following depths of soil: 0-6^ 6-12, 12-24, and 24-36 
inches. The nitrate nitrogen was determined by the method de¬ 
scribed by Gardner and Robertson (5), p. 5. 

Nitrate Nitrogen Content of Soil 

Soil samples were taken in all plots after the irrigation and chemical 
treatments had been applied. The samples were taken on the follow¬ 
ing dates: April 29, 1933; April 27,1934; and May 1, 1935. Different 
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composite samples were drawn for the different tests. The nitrate 
nitrogen is recorded in parts per million as nitrogen. Table 5 gives 
the average nitrogen content of the soil for different depths taken in 
the spring of 1933, 1934, and 1935. 


Table 5. —Average quantity of nitrate nitrogen recorded as nitrogen in parts per 
million for the different depths of soil taken in the spring after irrigation and 
chemical treatment were applied and in August after the wheat had been harvested 
on the variously treated plots for the 3-year period 1933 to 1935^ inclusive 

SPttlNO 


Treatment 


ra(N03)2. 

(NH«)2S04 _ . 

(NH4)H2P()4 _ 

MnSOi. . 

FeS 04 .. 

No treatment.. 

CaH4(P04)2__ 

I^ievel of signiflcanc'e _ 


Ca(NC)0? 

(NIl4)2JS04.--- 

(NIl4)H2P04- 

MnS04. 

FeS 04 . 

No treatment.. 
CaH4(P04)j-,. 


liOV el of .signiflcanee.... 



Nitride nitrogen at soil depths indicated (in inches) 


0-6 

tv-12 

12-24 

24-301 

0-361 


P.p m. 

P, p m. 

P. p m 

P p. m 

P. p. m 


9 0 

5 0 

7 9 

12.0 

11 2 


4 4 

4 3 

5. 1 

9,9 

8.3 


4 2 

3 8 

4 4 

9 2 

7.3 


3 2 

2.9 

4 9 

10 3 

8.0 


2 7 

3 6 

5 0 

9 5 

7 1 


2 6 

2 8 

5 2 

11 3 

8 0 


2.5 

2 9 

6 1 

11 2 

8.4 


2 1 3 


1 7 

2 8 

1 9 

Al’OrST 





. 1 30 

1 1 6 

1 9 

. 

i 4 9 

2.7 


2 9 

i 1 ^ 

2 6 

1 3 5 

2.4 


3 1 

i 1 ^ 

1 7 

1 3 2 

2.4 


2 8 

1 6 

1 9 

1 3 0 

2.0 


2 9 

1 6 

2 0 

1 2 9 

2.0 


3 0 

1.5 

1 8 

! 1 9 

1.7 

- - 

3 0 

t 

' 1 9 

2 4 

1.9 


.55 

53 1 54 1 2.1 

r '“Ts 

1 


> 2>year averuKe 1933 and 1935 

* Kach depth was set up as a separate exi>erimeiit and the standard error obtained by the analysis of 
variance A test for homogeneity was applied to a complex exiieninental set-up for all of the data for nitro¬ 
gen in the 4 depths of soil. The test in thi.s case ls designed to determine whether the observed variances 
can lie considered as having been drawn from the .same ixipulation 3 of the depths showed homogeneity 
but the fourth depth (24-3fi inches) indicated lack of homogeneity All of the data w'ere then analyzed by 
separate depths. The w riters are indebted to I>r. F. K. Immer of the Minnesota Agricultural Experiment 
Station for the method of testing the data and to J)r. A. E. Brandt of the statistical laboratory, low'a State 
College, for <leveloping the method and jierinitting its u.se. 

The nitrate nitrogen content of the first and second 6 inches is 
important since the roots of tlie young seedlings evidently have not 
penetrated below this depth at tliis early stage of growth. Weaver 
(8y p 2 ). 133-184) described a month-old Marquis A\ heat plant as follows: 

On May 1, a month after planting and when the second leaf was half grown, a 
typical root system was drawn. The number of roots varied from three to eight. 
Lateral roots were fairly abundant but entirely unbranched. The greatest lateral 
spread was 5 inches and the working depth or working level (i. c. a depth to which 
many roots penetrate and to which depth considerable absorption must take place) 
6,5 inches. 

The nitrate nitrogen content of the soil in the calcium nitrate plot 
was significantly higher than that of any of the other plots. The two 
sets of plots receiving nitrogen as ammonia were significantly higher 
than the no-treatment plot, but were not significantly higher than 
the plots receiving manganese sulphate. In the second 6 inches the 
amount of nitrate nitrogen in the calcium nitrate plots, while still 
significantly higher than that of the other plots, w as lower than that 
in the first 6 inches. While the ammonium sulphate plot was some- 
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what higher than the no-treatment plot, it did not differ significantly- 
from the other treatments. The nitrate nitrogen content of the soil 
in the second foot was, in all cases, higher than that of the second 6 
inches. The calcium nitrate plot was significantly higher than the 
other plots. In the third foot a noticeable increase of nitrogen is ap¬ 
parent. Tests made in 1934 before and after irrigation indicated that 
the nitrates were washed below the third foot. The first 6 inches; 
second 6 inches, and second foot were almost depleted as far as the 
nitrate tests showed. A slight loss was indicated in the third foot. 

No significant differences were noted in the first 6 inches or in the 
second 6 inches of soil taken from the different plots in August (table 
5 ). In the second foot, however, the plot receiving ammonium sul- 
plate differed significantly from the other plots in parts per million of 
nitrogen. In the 0-3()-inch colunm a significant difference between 
the no-treatment and the calcium nitrate plots was found. None of 
the other plots showed a significant difference. 

The yield data indicate that the nitrate added as calcium nitrate 
increased the jdehl over the other treatments. The soil-analysis data 
show that the nitrate nitrogen in the calcium nitrate plots was con¬ 
siderably higher in the first 6 inches. Evidently, a lack of nitrogen 
at tliis stage affects the normal development of the young seedlings. 
The calcium nitrate plots were a much darker green than the other 

pill’s* 

The plots receiving nitrogen as ammonium acid phosphate out- 
yielded the plots receiving no nitrogen. The nitrate content of the 
first 0 inches of soil, however, was not significantly dilferent from that 
of some of the plots receiving no nitrogen. A similar condition was 
found in the second 6 inches. 

The ammonium sulphate-treated plots which differed significantly 
in yield from the plots rec^iAung no nitrogen showed the same condition 
in the nitrate content of the soil. Since the nitrate w as more effective 
in correcting the chlorotic condition, it wmuld appeor that nitrogen is 
more readity absorbed by wheat plants as the NOg ion than as the 
NH 4 ion. The benefits received from the ammonium salts could have 
been due either to nitrification of these salts or to the direct absorption 
of ammonia. Nitrification could have been appreciable and still not 
have been detected in the analyses. 

Nitrogen Content of Grain and Straw 

The nitrogen content of the grain and straw was determined by the 
Gunning method (f). 

The average percentage of nitrogen in the grain is given in table 6. 

The nitrogen content of the threshed grain varied slightly for the 
different treatments. The calcium nitrate plots gave the lowest con¬ 
tent in every case, except in 1935. The average content for the 3-year 
period indicates a significant difference over the no-treatment plots for 
the plots receiving manganese sulphate and ammonium phosphate. 

The nitrogen in the straw was considerably lower than in the grain 
(table 6). 

The nitrogen in the straw was low in the ammonium-treated plots. 
No significant difference was noticed between the other treatments. 
All of the other plots were significantly higher than the ammonium 
acid phosphate and ammonium sulphate plots. 
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Table 6. —Average yearly nitrogen content of grain and of straw from the differently 
treated plots for 19S3 to 1935^ inclusive 

GRAIN 


Treatment 


MnS04. 

(NH4)H2P04.. 

FeS04. 

(NH4)3S04. 

CaH4(P04)8. 

No treatment.- 

Ca(N03)2.-. 

Level of slRnifleance 



1933 

1934 

1935 

3-year 

average 



Percent 

Percent 

Percent 

Percent 



2 80 

2 74 

2 58 

2.71 



2 79 

2 76 

2 58 

2.71 



2 79 

2.74 

2 58 

2.70 


2.79 

2 73 

2 54 

2.68 



2 7ft 

2 73 

2 M 

2 68 



2 7« 

2 73 

2 52 

2 67 



2.63 

2 73 

2.61 

2.66 





.071 

.056 

.066 

.037 



STRAW 


No treatment... 

Ca(xNO:02.- 

Call4(P04)2. 

MnS04.. 

FeS04. 

CNIJi)1T2P04— 
(NH4)2S04. 


__ _ _i 

0 49 

0. 43 

0 .52 

0.48 



.45 

.46 ! 

.,56 

.48 



.48 

.41 ! 

..5ft 

.48 


48 

.41 

..51 

.47 


.47 
.47 1 

40 

..51 

.47 


.42 1 

47 

.45 

— 

- . 

.:5Li 

43 

46 

44 

- 

- 

.028 

035 

035 

.019 


EFFECT OF TEMPERATURE OF IRRIGATION WATER AND FERTI¬ 
LIZER TREATMENTS ON THE DEVELOPMENT OF CHLOROSIS 

As previously stnted, the mild chlorotic condition often found in 
small grains after heavy rains or applications of irrigation water to 
the plants in the earlier stages of ^owth has been attributed to various 
causes, one of the commonest being the temperature of the irrigation 
water. From the tests described above, there is no indication that 
water at a temperature as low as 40° F. has any more detrimental 
effect on the plants than water at 60°. The temperature of the soil 
was affected more by the temi)crature of the siurounding air than by 
the temperature of the irrigation water between the range of 40° 
to 60°. 

An application of calcium nitrate immediately after irrigation pre¬ 
vented the occurrence of chlorosis. A similar but less pronounced 
effect was obtained when ammonium sulphate or ammonium acid 
phosphate w^as applied. No difference in the color or type of growth 
was noticed in the plants receiving manganese sulphate, iron sulphate, 
and superphosphate. These results indicate that the chlorotic con¬ 
dition resulted from a shortage of nitrogen rather than from any other 
elemental deficiency. Nitrate proved more effective than ammonium 
salts in controUing the chlorotic condition, indicating a greater availa¬ 
bility of the nitrate ion. 

When the nitrate nitrogen content of the soil in the first 6 inches 
was low, chlorosis resulted. Wlien the content was high, as in the 
plot treated with calcium nitrate, no clilorosis occurred. Ammonium 
nitrogen had a similar effect, but to a less degree. 
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SUMMARY 

Tests conducted with Marquis wheat irrigated at germination with 
6 inches of water have shown that: 

(1) The temperature of irrigation water ranging from 40® to 60® F, 
has no effect on the yield of grain or straw. 

(2) The addition of nitrogen fertilizer to the crop immediately after 
irrigation prevents the clilorotic condition often observed in young 
wheat plants after heavy rains or the application of irrigation water 
and increases the yield of grain. 

(3) The irrigation water washes the soluble nitrate nitrogen below 
the 3-foot level. 

(4) Yields both of straw and grain are increased by applications of 
calcium nitrate, ammonium acid phosphate, and ammonium sulphate 
in the order named. 

(5) In plots treated with calcium nitrate, the nitrate nitrogen con¬ 
tent was high in the first 6 inches of soil. In plots receiving no nitro¬ 
gen the nitrate nitrogen content was significantly lower. 

(6) Applications of manganese sulphate, iron sulphate, and super¬ 
phosphate did not alter the chlorotic condition or increase the yield 
over the no-treatment plots. 
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FACTORS INFLUENCING THE RIPENING SEASON OF 
SOUR CHERRIES ^ 

By V. R. Gardner 

Director^ Michigan Agricultural Experiment Station 
INTRODUCTION 

With cherries, as with most other fruits, the season at which the fruit 
matures is important in determining its market value. Thus, varieties 
such as Black Tartarian, which would be of little worth if their fruit 
were to ripen 2 weeks later than it does, are highly prized because 
they are among the first to reach the market. 

In a general way each variety has its characteristic ripening season, 
and efforts to advance, retard, shorten, or lengthen the harvesting 
season have been limited largely to the selection of varieties that 
would appear to meet the requirements in question. Nevertheless, 
there is considerable variation in ripening season within the same 
variety, not only from place to place but even within the same orchard. 
Thus in the Graham station orchard near Grand Rapids, Mich., 
which furnished many of the data for this report, the first picking of 
Montmorency in 1935 was made on July 16 and the last on September 
14. Sometimes this prolonged ripening season occasions no great 
inconvenience or loss, but at other times it may entail considerable 
added expense because of the necessity of fractional picking or, if 
such picking is not employed, it may cause considerable loss in revenue 
be(‘.ause of the change in price as the season advances, or the lovrer 
price received for a product not unifonn in degree of maturity. 

For commercial canning only cherries that are fully tree-ripened 
are wanted. Those that are slightly immature lose too much of their 
color in processing and the appearance of the finished product is 
impaired. If the fruit is left on the trees until all of it is ripe enough 
for canning, there is loss from overniaturity and decay, attack by birds, 
bruising from the wind, wilting, an<l other causes. There is perhaps 
a wider range in the degree of maturity that is acceptable for the 
fresh-fruit trade, but uniformity within the package is highly desirable. 
Experience shows that in many seasons in certain Montmorency or¬ 
chards fully 3 weeks intervenes between the first and the last pickings 
when an effort is made to meet the demands of an exacting trade. 

It has seemed desiiable, therefore, to make a study of some of 
the more important factors that influence the season of ripening of 
cherries and to discover, if possible, practicable means of advancing 
or retarding and of making more uniform the season of maturity. 

REVIEW OF LITERATURE 

Though there is a fairly extensive literature pertaining to cherries 
and cherry culture, data relating to factors other than variety that 
influence the ripening season are rather limited. 

« Rcceiveci for publication Fob. 4, 1937; i&sued October 1937. Journal article no. 289 (n. s.) from the 
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Growei’s generally are aware of the influence of latitude on the ripen¬ 
ing season of fruits. Thus in Michigan the harvesting of Mont¬ 
morency usually takes place during the first half of July in the more 
southern counties, during the second and third weeks m the central 
counties, during the last half of the month in the Traverse City area, 
and during early August in the northernmost sections that are subject 
to the influence of Lake Michigan. Tliis difference is considerably 
greater than the average of 3.6 days retardation in ripening season 
for each degree of latitude found by Phillips {9) ^ as characterizing 
the Montmorency cherry in the Mississippi Valley. That this 
influence of latitude on ripening season is probably in large part a 
temperature effect is indicated not only by the prevailing temperatures 
at these different latitudes, but by the experience of English and other 
northwestern European growers who have been able to advance the 
ripening season of some cherry varieties 2 or 3 weeks by training them 
as espaliers or cordons along the south side of walls {11) and to retard 
ripening for a similar period by shading {2), 

With many fruits soil exerts a very pronomiced influence on ripening 
season, light soils tending to promote maturity and heavier soils 
tending to retard it. This influence is not so marked in the case of 
cherries, though it has been noted many times {13). The application 
of nitrogenous fertilizers tends to delay maturity in many fruits. 
Tliis influence has been observed with sour cherries {12), hut there is 
some question as to its relative importance. Fertilization has also 
been noted (7) as contributing to the evenness of ripening of cherries. 
Though rootstocks undoubte^y exert some influence on earliness and 
evenness of ripening, (5), data arc not available to indicate clearly 
what stocks may be used with confidence to advance or to retard 
ripening. 

Little attention has been given to the importance of intravariety 
strains in the case of cherries, though there are a number of references 
in the literature to the occurrence of limb sports that difl’er from the 
parent tree in ripening season. Mav Duke in particular has long been 
noted as a variety characterized by very uneven ripening (jf, S), 
apparently due to what might bo called an ever-sporting tendency, 
and Hochgenuss von Erfurt {10) is apparently another variety of the 
same type. A number of whole tree and limb variations in season 
of ripening in the Montmorency variety have been described recently 
by Drain (4), and the presumption is that directlv or indirectly other 
variations of this same type nave been responsible for more or less 
unevenness in ripening in the general run of stock propagated com¬ 
mercially by the nurseries. 

MATERIALS AND METHODS 

There were available for the purposes of this study the 1931-34 
harvesting records of each of 194 cherry trees {Prunus cerasus L.) of the 
Montmorency variety in the so-called Corporation orchard near 
South Haven, Mich., and the 1931-36 harvesting records of each of 
149 trees in the Graham station orchard near Grand Rapids, both of 
which orchards had been set in the spring of 1920. The records for 
the Corporation orchard included individual tree yields each year and 
a series of notes made during the ripening season in which each tree 


> Reference is made by number (italic) to Literature Cited, p. 632, 
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was classified as ripening its fruit evenly or unevenly and relatively 
early, midseason, or late in the season. In the Graham station or¬ 
chard fractional picking was employed each year on those trees that 
ripened unevenly and records were kept of the quantities harvested 
at each picking. Special effort was made each year to harvest the fruit 
at as nearly the ideal stage of maturity as possible. Measurements 
were made of the trunk circumference of each tree in the two orchards 
each autumn, and the crops of individual trees were classified as 
small, medium, large, or very large if they totaled as follows for trees 
of the following trunk circumferences (as measured in the fall of 1933): 


Trunk circumference (inches): {pounds) and crop classification 

Less than 19__ . Less than 25, small. 

Do___ - _ 25-75, medium. 

Do__ ^ _ -- _ More than 75, large. 

Do __ - _ _ _ More than 150, very large. 

19-23_ ... . , Less than 75, small. 

19-23_ _ _ _ _ 75-100, medium. 

19-23. . _ . _ 125-200, large. 

]9-23_ __ _ More than 200, very large. 


This is, of course, an arbitrary classification, but it permits a grouping 
that brings out the influence of relative size of crop on season of 
maturity. 

In addition to the 149 trees at the Graham station already referred 
to there were a number of others in other blocks, some younger and 
some older, which were submitted to various experimental treatments 
and on which records relating to season of maturity were obtained. 

One series of records was obtained in 1933 from four representative 
individuals in a block of fully mature Early Richmond trees in the 
orchard of the W. R. Roach Co., of Hart, Mich. These trees were 
large for their age, healthy, and at an earlier stage in their development 
had been very vigorous. For several years before the records were 
taken they had been bearing very heavy crops, so heavy in fact that 
a considerable percentage of the crop had not been sizing up and 
ripening properly. Fractional picking had been employed each year, 
but part of the crop never reached a degree of maturity that made it 
acceptable for commercial canning, even though allow ed to remain on 
the trees until after the Montmorency harvest had been completed. 

Temperature data to compare wnth the fruiting records of the 
Graham station trees were obtained from the Grand Rapids office of 
the United States AVeather Bureau, located about 4 miles from the 
orchard. 

INFLUENCE OF TEMPERATURE AND SIZE OF CROP ON RIPENING 

SEASON 

Perhaps the most obvious variation in ripening period encountered 
in this study was that associated with season. In 1931, 1935, and 
193G cherries ripened late, in 1932 relatively early, and in the other 
years about midseason. The ripening season in 1934 was very uni¬ 
form; in 1935 and 1936, uneven and long drawn out, and in the other 
years intermediate. These facts are well brought out in figure 1 and 
table 1 for the trees in the Graham station block. 

The seasonal variations in earliness or lateness of ripening can be 
explained in part by the accompanying temperatures. The three 
relatively early seasons, 1932-34, were characterized by at least mod¬ 
erately high mean May, June, and July temperatures and by corre- 

22709—37-4 
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spondingly high heat accumulations (measured by daily maxima) 
during these months. Though the mean July temperatures and July 
heat accumulations of the 3 late-maturing years were as high as or 
higher than those of the 3 early-maturing years, May temperatures 
and heat accumulations were markedly lower in 1931 and 1935 and 
June temperatures were markedly lower in 1935 and 1936. The 
fruit, therefore, had advanced considerably further in its development 
by July 1 in some years than in others. 



JULY AUGUST SEPTEMBER 

Figure l.~Ripenmg season of fruit on 149 trees at the Graham station, Grand Rapids, Mich., 1931-36. 
Vertical lines indicate mean picking dates; figures at right end of horizontal lines indicate standard devia¬ 
tions, in days, in harvesting dates. 


Table 1.— Yields and ripening dates of 149 Montmorency cherry trees at the Graham 
station, 1931-36, and temperature records for the growing seasons of those years 


XTrtO t* 

Average 

First 

Last 

Average 

Standard 

deviation 

j Mean temperature 

j Heat accnimulation ‘ 

1 CUi 

yield per 
fme 

picking 

picking 

harvest 

date 

in ripening 
date 

Ma> 

June 

July 

May 

1 June 

1 

July 

3931 

Pounds 
130.6 

July 14 

July 31 

July 26 

Days 

5 17=fc0.02 

®F 

56 0 

®F. 

71.3 

o/r 
75. 8 

1 

1 ®F 
! 744 

1 ’ 
op 

1, 188 

op 

1, 379 

1932 

44 7 

July 5 

July 23 

July 10 

2. 79i0 02 

59 4 

70 5 

73. 0 

> 855 

1, 170 

I 1,280 

1933 

109 4 

*-^do. 

Aug. 1 

July 13 

3 6r>=fc0.0J 

59.7 

74.0 

75 6 

833 

1,21H) 

' 1,373 

1934 

155 8 

July 9 

July 19 

. ..do_ 

3.09±0 01 

63 7 

73 3 

76 8 

1,050 

1,287 

1,450 

1935 

100 2 

July 17 

Sept 14 

July 24 

4 95±0 02 

53 3 

64.8 

76 5 ' 

644 

048 

1,360 

1936 

242.7 

July 14 

---do. 1 

July 29 

6 H2M 02 

62.9 

60.2 

77.3 j 

1,(K)1 1 

1 

1,101 

1,472 


* Heat accumulation figured as the total of the day degrees of maximuni teinporatun^ exc('.eding 41® F. 


Examination of the data presented in table 1, however, suggests 
that size of crop may have had some influence on season of maturity. 
Thus in 1936, when very heavy crops were borne, the maturing season 
was very late; and in 1931, another year of fairly heavy crops, the 
ripe,ning season was again late. The years 1932 and 1933 were years 
of light or moderate production and the ripening seasons were com¬ 
paratively early. On the other hand, in 1934 the trees bore heavier 
crops than were borne the two preceding seasons and they matured 
their fruit as late or slightly later even though temperatures were 
higher, while in 1935 with only a medium crop they matured their 
fruit late. The influence of size of crop upon season of ripening is 
more clearly indicated by the data in table 2, in w'hich the harvesting 
records for several seasons of the individual trees in the Corporation 
and Graham station orchards are classified as to size, earlincss, and 
evenness of ripening. 
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It will be noted that in both orchards there was a marked tendency 
for trees bearing relatively light crops to mature their fruit early and 
for the fruit to ripen evenly, whereas the trees bearing relatively 
heavy crops matured their fruit late and the fruit ripened more or 
less unevenly. Trees with medium-sized crops were intermediate 
in respect to both time and uniformity of ripening. This influence 
of size of crop is given a quantitative expression by the data presented 
in table 3. Presumably the retarding effect of a heavy crop was more 
important in causing late ripening in the Graham station orchard in 
1936 than the somewhat subnormal moan temperature during June, 
for temperatures during the remainder of the growing season were up 
to or above the average. 

Table 2. —Classification oj the individual tree yields on a basis of ripening season^ 
crop yields and manner of ripening^ in Corporation and Graham station orchards 

[Each tree each year was classifletl as bearinK a light, medium, heavy, or very heavy crop; as having an 
early, midseason, or late rliiening season, and as having fruit that ripened evenly or unevenly] 


(’ORPOKATJON ORCHAKD, 1981-34 i 


Kind of crop and manner of 

i T 

1 PercAnt- 

' Kind of crop and time of 


Percent 

nponhig 


! of total 

! ripening 

1 

of total 


I Sum- 

! 


A’mto- 


Light • 

b€T 

1 

Light: 

I her 

i 

Even-- . 

! 

; 88 

Early .. . 

' 115 

' 43 

Fairly even 

: 12 

8 

Midvseason. . .. 

! 147) 

I 55 

Uneven . . 

! 

! H 

I^ate.. - - .. .. 

‘ () 

1 2 

Total 

1 ar»7 

! 100 

! Total... . . 

' 266 

1 100 

Medium. 

i 

1 

1 Medium* 

i 


Even 

; 129 

' 47) 

1 Early.. . 

, 3.5 

! 

Fairly e^ en 

' K4 

29 

Midseason 

ISK 

1 76 

X Uneven 

78 

26 

l.»atp 

! 27> 

1 10 

Total - 

2K6 

1_mi 

Total . . . .. 

' 248 

i 100 

Heavy 

! 


Heavy 



Even 


! 9 

Earlv . - 

0 

0 

Fairlv even . . 

22 

! 26 

Midseason. 

27 

56 

Uneven 

' 7)9 

j ()7) 

Late. . 

21 

44 

Total . . 

■ W) 

! 100 

Total.. . -. 

48 

100 

tlKAHAM STATION ORCHARD, 1981-8f> 



Light 



Light 



Even - _ - 

129 

89 

Early.. . 

89 i 

I 61 

Fairly even_ .. 

10 

7 

Mid.season .... 

52 1 

1 36 

Uneven _ . 

(• 

4 

Late .. - -. 

__4 ! 

! 3 

Total_ . . 


UMl 

Total.- ..._ 

145 ; 

; 100 

Medium* 



Medium 



Even. 

l.V) 

62 

Early. . ..... 

115 j 

46 

Fairly even 

48 

17 

Midseason . ... 

122 ! 

48 

Uneven . 

f)2 

21 

Late.. .. 

11 1 

6 

Total... 

27)1 

KKl 

Total. .. 

251 i 

100 

Large: 



Large 



Even.. -. . 

171 

7)2 

Early. . . . 

i 55 

17 

Fairly even. 

62 

19 

Midseason. . 

172 

53 

Uneven.. 

94 

29 

Late. 

100 

30 

Total. 

327 

100 

Total.... 

’ 327 

100 

Very large: 



Very large 



Even.. 

8 

a 

Early. 

2 

1 

Fairly even. 

61 

38 

Midseason . . 

83 

52 

Uneven...-.. 

92 

57 

Late . - 

76 

47 

Total. 

161 

100 

Total. 


100 


1 In 1931 the crops in the Corpora4;ion orchard were not classifled as to early, midseason, or late and again 
in 1934 only a part was so classifled. 
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Table 3. — Ripening-aeason data for individuals of selected groups of Montmorency 
cherry trees in the Graham station orchard^ 19S1-36 

[The flRures presented are the averages for the 25 lowest and 25 highest yielding individuals of each year, 
regardless of what those individual trees may have yielded In other years. The 50 individuals were the 
extremes from the standpoint of yield of the 149 trees in the orchard] 


Year 


193L 

1932.. 

1933.. 
1934 . 

1935.. 
1936 . 


The 25 lowest-yielding trees * 

The 25 highest-yielding trees » 



AveragevS of 
standard 
deviations 
in riiiening 
date for each 



Averages of 
standard 
deviations 
in ripening 
date for each 

Average 

ylela 

Average 

ripening 

date 

Average 

yield 

Average 

lifiening 

date 



of the 25 trees 



of the 25 trees 

Pounds 


Days 

IHtunds 


Days 

69 

July 19 

4.80 

195 

July 28 

4.01 

7 

July 8 

2 44 

97 

July 10 

3.76 

49 

July 11 

1.70 

176 

July 14 

2.10 

46 

July 10 


262 

July 16 

.40 

48 

July 23 

1 25 

166 

July 25 

1.30 

125 

July 27 

4.20 

346 

July 29 

5. 30 


> It should be made clear that each of the 25 trees (.say lowest-yielding trees) had a day which was considered 
to be Its ^‘ripening** date (here an average) and that each tree hud a “ii|)ening {leriod'* standard deviation, 
or a period m which about two-thirds of its fruit npened The averages are merely the averages of these 
quantities for the 25 trees ilence the average of the standard deviations is an average of the iieriods, for 
each tree, in which about two-thirds of the fruit riiiened. This value shows the average period m which 
about two-thirds of the cherries ripened, it is akin to an average of ri)>ening periods or an average of range.s 
This average of the standard deviations is not a standard deviation of the set of items made up of averages 
of ripening dates. 


INFLUENCE OF SHADING AND SIZE OP CROP ON RIPENING 

SEASON 

It has long been a matter of observation tliat cherries in the tops 
and on the more exposed outside limbs of tlie trees often ripen earlier 
and more evenly than those on the lower and interior limbs. In order 
to obtain information as to whether tliis is in the main a size-of-crop 
or a shading-and-exposure influence several trees were selected shortly 
before harvest in the summer of 1982 and again in 1933, as follows: 

(1) Trees with a heavy crop on one side and a light crop on the other, 

(2) trees with a heavy crop in the top part and a light crop in the 
bottom, but with no marked difference between the two parts in 
exposure to light. Fractional pickings were made of the two sides 
of these trees and of their upper and lower halves, respectively, and 
great care was taken to harvest fruit only of the same degree of ma¬ 
turity. vStill other trees were selected in the same years, all of which 
were bearing relatively heavy crops, but some of wliich had (3) dense 
tops with heavily shaded centers and (4) others which had veiy open 
spreading tops with centers well exposed to sunlight. In harvesting 
the fruit from these last two groups, fractional pickings were made of 
{a) tops and centers and (6) inside or center portions. The harvesting 
records of these four groups of trees are presented in table 4. 
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Table ^. — The ripening season and yield of Montmorency cherry trees as influenced 
by the location of the fruit in different parts of the treCy Graham station or char dy 
1932-33 


Tree no. 

Picking 

dates 

Portion of 
tree 

Vield 

Tree no. 





Lb 

Pd 



rJnlv 

8,1932 i 

East side—.. 

39 

76 



July 

11,1932 1 

_do .... 

! 12 

24 



July 

8.1032 

West side .. 

14 

I 88 



July 

11,1932 

. . do. 

2 

1 12 


lo' A_ _ 

July 

fi, 1933 

East bide_ 


1 11 

l-C (oiien 


July 

11,1933 

.do. 

4S 

65 

top) 


July 

17,1933 

.do. 

18 

24 



July 

«, 1933 

W^est side... 

1 35 

69 



July 

11,1933 

_do... 

! 16 

31 



July 

8,1932 

Top. 

41 

77 


1 11 

July 

11,1932 

.... do. 

12 

23 


1 Jl™ - 

July 

Jul> 

8,1932 
11,1932 

Bottom. 

.do. 

7 

i 12 

37 ■ 
i 63 

1-1) (dense 

4 g\t\\ 


/July 

9,1932 

Outside. 

60 

! 75 

TOP) 


July 

12,1932 

.. ..do .. 

20 

; 25 



July 

9,1932 

Inside -. . 

2 

1 8 


1-11 (derihe , 

July 

July 

12,1932 
1.5. 1932 1 

do 

. do .... 

20 

4 

77 

15 

H' FJ (open 

I'l 

loj)) ; 

July 

7,1933 

Outside 

9 

8 

topi 


July 

12, 1933 I 

--do... . ! 

! 72 

69 



July 

I«. 1933 

.do.. . j 

; 24 

23 



July 

12, 1933 

Inside.1 

1 35 

58 1 

- 1 

i 

Uuly 

1(), 1933 

.do ...1 

1 25 

1 42 1 

1 1 

y J (open 
top) 


Picking 

dates 

Portion of 
tree 

Yield 




Lb 

Pd, 

/July 

9, 1932 

Outside..... 

36 

84 

July 

12. 1932 

-do...... 

7 

16 

July 

S. 1932 

Inside- 

9 

50 

July 

12,1932 

_do.. — 

8 

44 

, July 

15, 1932 

. ..do. 

1 

6 

Uuly 

7, 1933 

Outside .... 

21 

19 

July 

12, 1933 

.do. ... 

51 

47 

July 

16,1933 

....do.. 

37 

34 

July 

12,1933 

Inside . 

12 

50 

VJuly 

16.1933 

_do. 

12 

50 

July 

7,1933 

Outside_ 

16 

26 

July 

12,1933 

.do. 

38 

61 

> July 

J6, 1933 

—do. 

8 

13 

July 

12, 193.3 

Inside_ 

22 

45 

Uuly 

10.1933 

_do_ 

27 

56 

(July 

7,1933 

Outside.- . 

17 

17 

July 

12,1933 i 

_do ... . 

72 

71 

■{July 

16,1933 

_do. 

12 

12 

July 

12 i9:w 

Inside. 

30 

69 

[July 

16,1933 

1 _do. 

21 

41 

July 

7,1933 

j Outside.- 

5 

5 

July 

12, 1933 

1.do . .. 

60 ; 

tiO 

{July 

16 1933 

. ..do_ 

26 

29 

July 

12, 1933 

Inside . . .. 

18 

60 

jUuly 

16,1933 

...do. 

12 

40 


It will 1)0 noted that in both years tlie light-cropping side of tree 
15-A matured its fruit somewhat earlier and more evenly than the 
h(*avier cropping side. However, both trees and 15--A) which 

had been so grown and so primed that both tops and bottoms were 
well exposed to Ught but which bore heavier crops in tlie tops than in 
the bottoms, had a tendency to mature tlieir fruit earlier in the tops 
than in the bottoms in spite of the larger crops. This might lead to 
the assumption that shading of fruit and foliage in the lower part of 
the tree was responsible for the later and more uneven ripening. 
However, the fact that those treCwS for whicli ^‘outside'’ and ^‘inside/' 
pic’king records were obtained ripened their outside fruit earlier and 
more evenly than their inside fruit, regardless of wlietlior the tree 
had a dense or an open to|), would indicate that shading within the 
limits commonlv afforded by tlie tops of cherry trees is perhaps not 
of so great importance in this connection. Observations as to tlie 
distribution and ripening of the fruit in tlie several parts of these 
trees, together with the data in table (>, lead unmistakably to the 
opinion that both earliness and evenness of ripening depended more 
upon the relative amount of leaf area as compared with the amount of 
fruit borne by the portions of the tree in question. Where there was 
a relatively large amount of foliage for the fruit of the limb or part of 
the tree in question, the ripening season was comparatively early and 
even; where foliage was limited for the fruit associated with it and to 
the development and ripening of which it was contributing, ripening 
was delayed and uneven. Tliis interpretation of ripening behavior 
ties in with and heljis explain some of the seasonal peculiarities in 
season of maturity mentioned earlier in this paper, e. g., the late 
and uneven ripening of the 1936 crop, which was extremely heavy. 
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Even more convincing as to the retarding effect on ripening of a 
very large crop and of uniited leaf surface are the records obtained 
in 1933 in the Early Richmond block briefly described imder Materials 
and Methods. Four trees considered as fairly representing the con¬ 
ditions of tree growth and crop in this block were selected. At 
harvest counts were made of the number of cherries on limbs of 
approximately the same diameter in each of these trees and of the 
number of leaves accompanying them. The cherries wore weighed 
and classified as to maturity, and leaf areas were determined. Similar 
records were made for the whole trees. The data obtained are sum- 
mari 7 .ed in tables 5 and 6. In general the larger the amount of foliage 
in relation to the amount of fruit, the more even and complete was 
the ripening of the fruit. It is realized, of course, that branches of 
the sizes included in this table are not entirely independent, for there 
is considerable translocation of food materials from limb to limb in 
the cherry tree { 8 ). The data obtained permit no exact statement as 
to the number of leaves or the leaf area necessary to mature a cherry, 
but for Early Richmond in the Roach orchard in 1933 it appears that 
not less than 5 square inches of leaf area was required for each fruit 
if it was to ripen properly and that when there was an 8- or 10-square- 
inch leaf area present per cherry, the chances of those cherries ripening 
properly at the normal maturing season were good. 

Table 5. —Harvesting and leaf records of 4 Early Richmond trees gromng near Hartf 
Mich.f arranged in descending order according to apparent vegetative vigor^ 1933 


Item 


Trunk circumference... ....inches*_ 

Leaves, estimated *....riumber.. 

Leaf area, estimated *....square inches.. 

Leaves per fruit, estimated__ ___number.. 

Loaf area, per fruit, estimated.. . ...square inches.. 

Total fruits......number.. 

Fruits maturing properly.....do. .. 

Fruits not maturing properly....do. 

Total weights of fruit...... .pouu ds. 

Weight of fruit maturing properly__do ... 

Weight of fruit not maturing properly....do_ 

Average cherries per pound...number . 

Average cherries per pound maturing projierly.do_i 

Average cherries per xiound not maturing properly. .do_I 


Tree A 

Tree B 

Tree C 

Tree 1) 

24 6 

20 0 

■ 

20 5 

24 0 

89,000 

68,000 

63,000 

64,000 

293,700 

223,000 

195,900 

202,200 

3.1 

3.2 

1.10 

1.15 

10.30 

10.60 

6.63 

3.66 

28,286 

20,976 

29,559 

55,350 

18 686 

11,149 

13,753 

16,850 

9,699 

9,827 

15,806 

38,500 

178.3 

138.4 

157.0 

206 0 

117.9 

72.4 

81.1 

91.5 

60.4 

60 0 

76 5 

174.5 

169 

162 

188 

203 

168 

154 

170 

184 

160 

160 

207 

221 


^ Estimate made by counting the loaves on several blanches 2 inches in diameter and multiplying that 
number by the estimated number of branches of ecjuivalent sire 
* Estimate made by multiplying the estimated number of leaves by the a\orage area of a large random 
sample. 
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Table 6. —Size and maturity of fruits from selected branches of Early Richmond 
treest as influenced by the associated leaf area, Hart, Mich,, 1933 


Tree 

Branch 

no. 

Branch 

diame¬ 

ter 

J'ruits 

maturing 

properly 

Aver¬ 

age 

number 
of fruits 
per 
pound 
matur¬ 
ing 

proper¬ 

ly 

Pruits 

not 

maturing 

projjerly 

Aver¬ 

age 

number 
of fruits 
per 

jiound 

not 

matur¬ 

ing 

proiier- 

ly 

Total 

leaves 

Aver¬ 

age 

number 

of 

leaves 

per 

fruit 

Total 

leaf 

area 

i 

Aver¬ 

age 

leaf 

area 

fier 

fruit 

Fruits 

matur¬ 

ing 

proper¬ 

ly 




Nmn- 


Num- 

Num* 


Nam- 

Num- 

Num- 



Per- 



In. 

her 

Lb. 

her 

ber 

Lb. 

ber 

ber 

her 

Sq. tn. 

Sf/ 171 

cent 


/ 1 

H 

582 

3.3 

170 

31 

0.2 

155 

1»265 

2.1 

3,767 

6.4 

95 



H 

320 

1.95 

164 

5 



700 

2.1 

2,205 
5,243 j 

6.8 

99 


ft 

H 

515 

3.16 

164 

69 

.4 

172 

1,808 

3.0 

9.0 

88 


7 

H 

348 

2.0 

174 

123 

.75 

164 

1,126 

2 3 

3,772 

8.0 

73 

A 

2 

H 

91 

. 55 

165 

14 

.07 

200 

209 

2.0 

687 1 

5.6 

86 


3 

H 

83 

.5 

166 

10 

.05 

200 

336 

3.6 

1,014 1 

10.9 

89 


4 

H 

M 

103 

.65 

159 

0 

0 


182 

1 76 

651 

5.3 

100 


8 

48 

.3 

160 

21 

.1 

210 

148 

2.1 

634 

7.7 

70 


1 

H 

84 

.5 

108 

30 

.15 

200 

222 

1.9 

672 1 

5.9 

74 


5 


53 

,3 

177 

26 

.15 

173 

234 

2.96 

720 

9.1 i 

67 


7 


75 

.45 

167 1 

45 

.25 

180 

157 

1.3 

455 

3.8 

63 




83 

.5 

106 

19 

.1 

190 

219 

2 1 

660 

6.3 

81 


2 


226 

1.4 

161 

195 

1.1 

177 

454 

I 1.07 

1,384 

3.3 

54 


4 

H 

231 

1.6 

154 

30 

.2 

150 

701 

1 2.7 

2,046 

7.8 

89 


6 

H 

177 

1 2 

148 

56 

.4 

140 

495 

2.1 

1,494 

6.4 

76 


1 

k 

70 

.4 

175 

56 

.15 

373 

141 

1.1 

400 

8.2 

55 


2 

73 

.4 

182 

98 

.6 

196 

244 

1.2 

688 

3.4 

43 


4 

H 

37 

,2 

185 

71 

.25 

284 

106 

.98 

269 

2.5 

34 

ry 

5 

H 

78 

.4 

195 

76 

.3 

253 

202 

1.3 

569 

3.6 

51 


3 

\ h 

185 

1 1 

168 

189 

.96 

199 

490 

1.3 

1,465 

3.9 

50 


0 


334 

1.9 

176 

424 

1 9 

223 

1,012 

1 3 

2,742 

3 6 

44 


7 

255 

1.55 

105 

217 

1 2 

181 

735 

1.5 

2,249 

4.8 

54 


S 


407 

2 45 

KiO 

336 

2.0 

lf)8 

1,418 

1.9 1 

4,296 

5.8 

65 


2 

H 

100 

5 

212 i 

39 

.2 

195 

259 

1 78 I 

880 

6.1 

73 


3 


20 

.2 

130 

114 

6 

190 

277 

1 9 1 

781 

5.6 

18 


4 

39 

. 15 

2fi0 

143 

.7 

204 

204 

1 1 1 

I 669 

3 7 

21 

D... 

7 


108 

.55 

196 

54 

.2 

270 

153 

94 I 

430 

: 2 7 

66 


84 

201 

1.0 

201 

676 

3 1 

218 

712 1 

.8 1 

2,065 1 

2.4 

22 


T) 

k 

502 

2 8 

200 

314 

1 5 

210 

816 1 

.93 

2,407 

2.7 

64 


0 

H 

238 

1 2 

198 

492 

2,15 

229 

509 1 

• 7 

1,598 
2,181 

2.2 

32 

1 

8 

H 

397 

1 95 

204 

256 

1.1 

233 

747 

1.1 

3.3 

60 


1 (’orrchjticn < ocfllcitnt bctw con u\ oi ape leaf area in square inches per fruit and perceutape of fruit matur* 
iug properly equals 0.ti4±0.04. 

EFFECT OF NITROGENOUS FERTILIZERS ON RIPENING SEASON 

The statement is often made that applications of nitrogen-carrying 
fertilizers have a tendency to delay the ripening of cherries, and many 
fruit growers are of that opinion. All of the trees furnishing records 
for this study received annually a moderate application of sulphate 
of ammonia—from 2 to 4 pounds per tree—the quantity varying with 
the season and size of tree. The records of these trees therefore 
did not furnish an answer to the question as to the influence of nitro- 
gen-carrymg fertilizer on season of maturity of the fruit. Inasmuch 
as an earlier study (6) of cultiural practices in the Montmorency cherry 
orchard,which included some fertilizer trials, had failed to show any 
marked influence of applications of nitrogenous fertilizers on ripening 
season, it was decided to put the idea to a crucial test. Severd 
trees on the Graham station grounds, not included in the block for 
which ripening-season records have been given, several years older but 
more or less comparable to them, were treated with heavy applications 
of sulphate of ammonia each year for 3 successive years. Eighteen 
pounas per tree per year were applied to some and 25 pounds per tree 
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to others. These applications were so heavy that they destroyed all 
vegetation beneath the trees, but apparently they did not injure the 
tree roots, at least not seriously, for the trees made a very vigorous 
vegetative growth, blossomed freely, and set and matured heavy crops. 
Each year the fruit ripened midseason or earlier for Montmorency in 
that part of the State and the ripening season was remarkably even. 
The heavy fertilizer applications had no retarding effect on maturity. 
There was ample foliage throughout the trees for the even and reason¬ 
ably early maturity of all the fruit that they produced. 

In this connection it should be mentioned that the thin, weak 
wood had been removed from the centers of these trees so that they 
contained few or no fruiting branches that had set a considerable 
number of fruits but that did not possess a correspondingly large 
amount of foliage. Observation leads to the opinion that the idea 
that the application of nitrogenous fertihzer to cherry trees causes 
delayed maturity and uneven ripening is due in large measure to the 
fact that because of the crowding and shading effect of the vigorous 
branches in the outside and top of the tree, the interior branches 
become weak, produce little foliage, and then set more fruit than they 
can mature properly. The result is delayed and uneven ripening on 
the part of this fruit in the center of the tree. Removal of the slender, 
weak fruiting wood from the centers would do away with the difficulty. 

INFLUENCE OFSTRAIN ON EARLINESS AND EVENNESS OFRIPENING 

Reference has been made to the occurrence of late-maturing )imb 
or whole-tree sports in cherry orchards. The Corporation orchard, 
which furnished part of the data for this study, contained one such 
late-ripening tree. In no year could it be picked when the other 
trees were being harvested, its harvesting season being about 10 days 
later. This particular tree has been propagated and some of its prog¬ 
eny brought to bearing age. The daughter treses faithfully reproduce 
the late-maturing characteristics of their parent, thus furnishing 
evidence that the late ripening of the parent tree is not due to stock 
or other environmental influences, but is due to a strain difleren(*e. 
The Graham station orchard likewise contains one late-maturing 
whole-tree sport, averaging about a week later than the other trees 
in the same block, and several late-maturing limb sports. The 
author lias noted many such late-maturing whole-tree and limb sports 
in the cherry orchards of Michigan. They are of frequent occurrence 
in Montmorency, very frequent occurrence in English Morello, eff 
less frequent occurrence in I^arly Richmond. A large number of 
these season-of-maturity sports have been proi)agated at the Graham 
station, and they have been found to transmit their characteristics 
to their vegetative progeny. There can be no question, therefore, 
as to the existence of late-maturing and early-maturing strains of 
cherries in the stocks of the three leading sour cherry varieties as they 
are obtainable from tlie trade, and there can be no question as to how 
they have originated. Close observation in hundreds of cherry 
orchards in Michigan warrants the statement that, though these 
striking sports are of rather frequent occurrence, they are recognized 
by the grower for what they are, they are not harvested along with 
the main crop, in many cases they arc not harvested at all, and per¬ 
haps on the whole they can be ignored. 
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The occurrence of these striking season-of-inaturity sports, however, 
raises a question as to whether there are not an equal or greater 
number of less prominent strains that are not so readily recognized 
but that, commercioJly, are more important because they are con¬ 
stantly contributing to lateness or unevenness of maturity. Obviously 
the veiy limited number of trees for which harvesting-season records 
were available for this study are inadequate for a satisfactory answer 
to this question. It may be noted, however, that, except for the 
two late-maturing whole-tree sports just mentioned, in no single 
instance did a tree that ripened its fruit relatively early or relatively 
late in some one season similarly ripen its fruit relatively early or 
relatively late in all of the other seasons. Thus, for instance, of the 
17 trees out of the entire 149 in the (Iraham station orchard that 
matured their fruit earliest in 1931, only 4 matured their crop rela¬ 
tively early in 1932, only 2 in 1933, 7 in 1934, 2 in 1935, and 2 in 
193(); furthermore, 11 of the 17 matured their fruit relatively late in 
1932, 1 matured its fruit late in 1933, 2 in 1934, 4 in 1935, and 2 in 
1936. The influence of the ratio between amount of foliage and size 
of crop, already discussed, apparently was sufficient to mask any minor 
strain influences in respect to ripening season. 

DISCUSSION 

The interpretation to be placed on the data that have been presented 
is that, though the ripening season of cherries depends in large measure 
upon growing-season temperatures, both earliness and evenness of 
ripening are considerably influenced by size of crop and the relative 
amount of leaf surface that accompanies it. Ripening can be has¬ 
tened and rendered more uniform by employing such cultural measures 
as promote a vigorous gro>\'th and keep) the leaves functioning actively. 
Pruning, especially the kind that removes weak, slender, interior 
limbs that are rather poorly supplied witli leaves, and the liberal use 
of nitrogenous fertilizer tend to provide such proper balance between 
vegetative growth and size of crop, and spira^dng with such materials 
as f)roiect the leaves from fungous attack without causing an undue 
amount of spray injury tends to maintain it. 

SUMMARY 

The ri])ening season of cherries in contiguous areas often varies 
greatly, there being as much as 3 to 4 weeks^ difference for the same 
variety between places 25 to 200 miles apart in the western Michigan 
fruit belt. 

The ripening season of tlie same variety in the same orchard may 
vary as much as 2 to 3 weeks from year to year. 

Growing-season temperature is a factor of major importance in 
determining tlie ripening sea.son of cherries, ripening being delayed 
by relatively low temperatures. 

Variation in ripening season within the same orchard in any one 
season and likewise from year to year is due in large measure to size 
of crop and the relative amount of foliage associated with that crop, 
large crops and limited foliage tending to delay maturity and cause 
uneven ripening, and, conversely, small crops and abundant foliage 
tending to promote earliness and cause even ripening. 
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Cultural measures that tend to establish and maintain a proper 
balance between crop and vegetative growth tend toward earlier 
and more even maturing. Such measures include the use of nitrog¬ 
enous fertilizers, spraying to protect the leaves, and the removal 
by pruning of small, interior limbs that have a relatively small amount 
of leaf surface in comparison to their crop. 

Contrary to general opinion, the liberal use of nitrogen-carrying 
fertilizers was not found to lead to delayed maturity and uneven 
ripening. It has the opposite effect, if proper pruning methods are 
enmloyed. 

Bud sports giving rise to late- or early-maturing strains are of 
rather frequent occurrence in the sour cherry, but they are of second¬ 
ary importance to the factors already mentioned in causing delayed 
or uneven ripening in the crop as a whole. 
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OBSERVATIONS ON THE VARIATIONS IN CYANOGE- 
NETIC POWER OF WHITE CLOVER PLANTS ' 

By Charles F. Rogers, assistant agricultural biochemist^ and O. C. Frykolm, 

Emergency Relief Administration research assistant^ Division of Agricultural 

Biochemistry^ Minnesota Agricultural Experiment Station 

INTRODUCTION 

Mirande ^ appears to have been the first to note the cyanogenetic 
property of some individuals of the common white clover, Tri^olium 
repens L., which is abundant in lawns and pastures. He barely 
anticipated Armstrong, Armstrong, and Horton ^ in the announce¬ 
ment of the observation. The last-named authors were seeking to 
explain the notable differences in nutrient qualities of some adjacent 
pastures. Because the botanical composition of the pastures was not 
alone sufficient to explain the observed differences they sought quali¬ 
tative differences in plants as well as possible peculianties of the soil 
to explain the discrepancies. They stated that a kind of ''wild white 
clover'^ was coming into favor early in the century because of its 
greater longevity and value in pastures, and that many such plants 
were cyanophoric, whereas cyanophoric seedlings of the common 
white clover wore rare. Their observations showed that white clover 
plants from 15 sources varied both in cyanogenetic power and in 
ability to hydrolyze cyanogenetic glucosides when such glucosides 
were added to aqueous extracts of the clovers. Only 2 of the 15 
groups tested were found to act selectively on different cyanophoric 
glucosides, the remainder acted either on all or on none of the 
glucosides. 

More recently Askew Doak and Rigg et al. ® have studied the 
cyanophoric properties of white clovers in New Zealand. Like Aitq- 
strong and his associates, they foimd that the wild white clovers were 
cyanophoric, but that the clovers' cyanophoric powers varied widely 
with location and type. Askew found a seasonal variation in the 
hydrocyanic acid (HCN) content of white clover, with a tendency for 
the acid to increase in late summer. Doak ® concluded that: 

There is considerable correlation between HCN content and type of white 
clover. 

The most highly producing and persistent lines are invariably associated with 
high HCN content while the poorer short-lived types are low in this respect. 

Doak stated also that plants from the same lino vary in HCN con¬ 
tent. Rigg, Askew, and Kidson® found a variation of from 0.0016 to 
0.0124 percent of HCN in white clover from 11 sources. 

> Received for publication Apr. 16, 1936; Issued October 1937. Journal Series Paper No. 1423, Minne¬ 
sota Agricultural Kxiierirnent Station. The invovstigation reported here was made possible by workers 
supplied on W. P. A. project 1985, Minnesota Works Progress Administration; sponsor, l^niversity of 
Minnesota. 

» Mirande, M. sur la pRfesENCK de l'acide cyanhyprique dans le TRfcFLE rampant (trifolium 
REPENS L.) Coimit. Rend. Acad. Scl. [Paris] 156’ (>61-653 1912. 

« Armstrong, H. E., Armstrong, E. F., and Horton, E. herbage studies, ii —variation in lotus 
CORNICULATUS AND TRIFOLIUM REPENS (CYANOPHORIC PLANTS). Roy. Soc. [London], Proc., B 86: 262-269. 
1913 

< ASKEW, H. O. DETERMINATION OF HYDROCYANIC ACID IN WHITE CLOVER. New Zeal. JoUF. Sci. and 
Technol. 16; 227-233. 1933. 

» Doak, B. W. a chemical method for the determination op type in white clover. New Zeal. 
Jour. Sci. and Technol. 14: 369-^66, illus. 1933. See p. 364. 

• Rigg, T., Askew, II. O., and Kidson, E. B. occurrence of cyanogenetic glucosides in nelson 
PASTURE PLANTS. New Zeal. Jour. Sci. and Technol. 15: 222-227. 1933. 
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In 1934, when the New Zealand work first came to the writer's 
attention, tests of 15 plants of white clover for HCN had proved to 
be all negative, but potted New Zealand white clover seedlings were 
consistently cyanogenetic. Early in May 1935, preliminary tests of 
30 clover plants growing on the campus of IMversity Fai*m, St. Paul, 
Minn., showed 6 to be strongly cyanogenetic. Five hundred plants 
were permammtly labeled by June 24, 1935. This study was con¬ 
tinued until early in August when further tests for 1935 had to be 
abandoned. 

TECHNIQUE AND RESULTS 

The teclmique employed in the tests was as follows: Six mature 
leaves (18 leaflets) of each clover plant were put into a 0- by ?i-inch 
test tube, frozen at —15° C. Nearly saturated picric acid (0.05 
molar) was poured over sodium bicarbonate until all of the solid 
dissolved. If any precipitate formed within 2 minutes more pi(‘ric 
acid was added. A layer 2 nim deep was poured into a Petri dish, 
and white filter paper in strips 3 mm wide was momentarily dipped 
straight down into the solution, then laid on glass rods for the solution 
to soak up the paper and partly dry out. 

One milliliter of water was measured from a burette into each tube 
containing frozen clover leaves. The test strip was inserted into the 
tube, and held in plaice by the cork. These were allowed to stand at 
room temperature (22° to 28° C.) for 1 day, when they were set into 
water at 50° for 15 minutes to volatilize HCN in the solution. The 
papers were removed and compared immediately with the standards 
set for scaling purposes. This is a modification of the Guignard ^ 
test. 

As interest was centered in the groups of cyanophoric plants rather 
than in the exact amount of hydrocyanic acid in each plant, the test 
papers which indicated the unquestioned presence of hyclrocyanic 
acid in the clover plants were separated into only five groups (table 1). 
The records entered in table 1 under ‘‘Trace" indicate a color of the 
paper between that of a negative test (paper the original yellow) 
and definitely reddened tinge to the yellow or strongly colored paper, 
which is taken as proof of presence, and a measure of quantity of 
hydrocyanic acid present. 

The conditions of soil, moisture, and light exposure, although not 
identical within each plot, were iniudi alike. 

It is seen from table 1 that the greater portion of the plants in any 
location and at any time were negative in tests for hydrocyanic acid. 
About two-tliirds of the total number tested were negative. It 
might be expected that these tests were grouped largely about some 
plants cofisistently negative in all tests. Plants consistently negative 
were grouped together, as were also those consistently positive and 
those intermediate ones which showed both negative and positive 
reactions. The number of tests made on each plant is given in table 2, 
and the plant is entered in the line corresponding to number of tests. 
Thus, if a plant was tested five times and found to be positive throe 
times and negative twice, it would be entered in the column for 
positive three times. Wlien only a trace appeared one or more times, 
the plant would be entered in the column headed “Trace." Such 

"> Guignard, T.. le haricot a acide cyanhydrique, phaseoi.us lunatuh l. Compt. Kend. Acad. 
Sci. [Paris] 142. 546-553. 1906. 
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f )lants are essentially negative. All groups of plants were tested at 
east three times, but in each group some plants were lost by the 
destniction of stakes, and other plants had to be assigned the same 
number. This acco\mts for the 39 plants tested less than three times, 
and 133 plants tested three times. 


Table 1. —Diffirihution of hydrocyanic add'in clover plants according to location 

of plants 



Number of tests 



Plants testing— 



Plane group nos.> 

Total 

Per 

plant 

Nega¬ 

tive 

I^ositive (classified as to approximate 
intensity) ^ 


Trace 

* 

2 

3 

4 1 

5 




0-99.... ... 

420 

5 

278 

13 

45 

40 

23 

13 

2 

10()-191L____ 

388 

4 

289 

23 

34 

18 

20 

2 

2 

200-299 .- - _ . _ 

299 

3 

204 

18 

30 

19 

14 

8 

0 

300-399 _ .. _ 

384 

4 

217 

13 

48 

57 

40 

8 

1 

400-499 .... ... 

492 

5 

! 297 

21 

79 

47 

i 28 

12 

8 

Total .... ... 

1,983 


1.28.'> 

88 

242 

187 

V25 

43 

13 

Percentage of total tests 



04 80 

4 4 

12 20 

9 43 

6 30 

2 17 

0 66 


1 Site of plants and soil tyiies 0-99. hifthland, various tyr>es of soil and moisture, old and younf? plants; 
100-299, flat, shallow, sandy soil over gravel bed, old stand, 300-399, sloping sandy soil, thin sod 7 years 
old, 40(M99, black soil, bottom land of pasture, old sod 
* “Trace” indicates a color of the paiier in between definite ucRative and definite proof of the presence of 
hydrocanic acid in appreciable (piantity, classifications 1 to .Vindicate hydrocyanic acid in increasing quan¬ 
tities 


Table 2. —Consistency in the cyanogenetic property of white clover plants as measured 
by the Guignard test-paper method ^ 


Plants lestiug - 


Plants 

tested 

(num- 

Tests 



Positive (classified as to approximate intensity) 

her) 
















Trace 



2 

3 ; . 



Num¬ 

Num- 

Per- 

V H m- 

Per- 

Num- 

Per- 

Num- 

Per- 

Num- 

Per- aVwm- 

Per- UVi/m-l Per- 


ber 

btr 

cent 

her 

cent 

her 

cent 

ber 

cent 

b(r 

cent ! ber 

cent I 1 cent 

149. 

5 i 

63 

3.6 6 

2 

1 34 

25 

16 8 

17 

11.4 

27 

18 1 ! 9 

0 04 , 16 ! 10 7 

192. 

4 j 

82 

42 7 

10 

6. 21 

34 

17 7 

26 

13 5 

21 

10 9 : 19 

10.001 ! 

133,... 

3 ! 

57 

42 9 

9 

6 77 

36 

27.1 

10 

12 0 

1.6 

11 3 1 . . 


27 , .. 

2 1 

20 1 

74 1 1 



4 

14 8 ' 

3 

11 1 




12 

1 1 

9 

75 0 

- -- 

1 

i 3 

2.6 0 1 

1 




_ i_ i 

r .1 


1 (}ui(JN\RD, li. See footnote 7. 

The percentages of plants giving a negative reaction in the groups 
tested five, four, and three times agree rather well. This suggests 
that tliere there are mixed in the sods at University Farm a larger 
portion of noncyanogenetic white clovers than cyanogenetic. There 
IS also a group of plants similar in general appearance but which gives 
consistently positive tests for HCN. Some plants varied in cyano¬ 
genetic power, but the preponderance of plants was consistently non¬ 
cyanogenetic. Although not specifically shown in tables 2 or 3, there 
was no detectable consistency among those plants with one or two 
positive tests for HCN, for many were positive at first, but negative 
in later tests, and some were negative at first but positive in one or 
two later tests. Individually variable plants showed no consistency 
in their tests. 
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Table 3. —Tests of cyanogeneiic power of white clovei on University Farm campus^ 
on various dates during the summer of 1935 


Plants testing as indicated 


Dato 

Plant 

croup 

nos. 

Total 

tests 

Neca- 

tive 

Positive, classified as to approximate intensity 

Ti lee 

1 

2 

3 

4 

5 

May 9... 

0- 99 

91 

75 

3 

6 

6 

1 



May l.S. 

0- 99 

81 

62 

2 

6 

8 

1 

2 


May 19.. ... . 

40(M99 

99 

71 

10 

14 

4 




May 21.. 

0- 99 

79 

39 

2 

14 

13 

8 

3 


May 22-. 

400-499 

100 

61 

1 

13 

15 

8 

2 


May 24. 

100-UW 

100 

84 

4 

3 

3 

4 

. 

2 

Period total . .. 


550 

392 

22 

66 

49 

22 

n 

2 

Percent a'je__ 

. 

100 00 

71.28 

4 00 

10 18 

8.01 

4.00 

1 27 

30 

June?.. 

0- 99 

85 

46 

5 

13 

9 

7 

3 

2 

Do ..... 

400-499 

99 

61 

8 

H 

8 

3 

1 

1 

June 19. 

PX)-199 

90 

73 

8 

7 

4 

3 

1 


Do. 

200-299 

100 

63 

9 

13 

0 

4 

5 


June 24 - - 

300-399 

99 

77 

•> 

3 

9 

s 



June 27. 

100-199 

100 

77 

5 

8 

5 

4 

i 


Do. 

200-299 

99 

89 

0 

2 

3 

4 

1 


July 3. 

300-399 

' 98 

39 i 

3 

n 

23 

IS 

.3 

1 

Do.... 

400-499 


43 : 

0 

23 

13 

7 

5 

7 

P<'riod total. 

. 

1 874 

571 : 

40 

94 

80 

5H 

1 20 

11 

Percon faces. 

. 

1(K) 00 

65 33 1 

. 1 

♦ 58 

10 70 


0 03 

2 29 

1 26 

July 16... 

0- 99 

84 

56 ' 

1 

0 

10 1 

” 

5 


* Do. 

300-399 

97 

47 1 

2 

IK 

15 

11 

4 


July 29 . . 

200-299 

100 

52 1 

9 

21 

10 

0 

2 

.... 

July 30. 

100-199 

92 

55 1 

6 

10 

0 

9 

. ... I 


July 31. 

400-499 

90 

58 ■ 

2 

15 

7 

10 

4 ; 


Amt. 1. 

300-399 

90 

51 ' 

0! 

10 

10 

3 

i! 


Period total. 

. - 

559 

322 1 


92 

.1'*. 

45 


0 

Percentaccs. 


KK) 00 

s 

4 65 

16 40 

10 38 1 

H 05 

2 80 


Grand total. 

. 

1,983 j 

1.285 1 

88 

242 

187 

125 


13 

Percentaco.. 

. 

100 00 1 

04 80 I 

4 44 

12 20 

9 43 

f) 30 

2 1*7 i 

.00 


Although this work was stopped about the middle of the normal 
Minnesota growing season, the dry, hot weather after good spring 
and early summer rains permitted the observation of the effect of 
unfavorable growing conditions on the cyanogenctic activity of the 
clovers. Tests were made from May 9 to August 1, 1935, as shown 
in table 3, where the dates and number of tests of each group are 
tabulated against the progress of the season. 

From the data in table 3 which lists the tests in calendar order one 
notes a tendency for tlie number of negative testa of all groups to 
decrease. Subtotals are taken to show the possible differences in 
groupings with the advance of the season, utilizing the greatest 
mtervals between groups of tests and changes in weather. The first 
group of tests was made during cool, moist spring weather; the second 
or middle group during hot, humid weather when vegetation was 
flourishing; and the last during a severe drought. 

The percentage of negative tests decreased appreciably with the 
advance of the season from 71.28 to 57.60. There was some rise in 
the number of plants mildly cyanogenetic, arid a tendency to maintain 
or increase throughout the cyanogenetic activity in all plants but 
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those highest in HCN. This observation seems to confirm those of 
Askew.** 

If the idea held by many, that cyanogenetic activity is induced or 
accelerated by conditions unfavorable for gross plant growth then the 
conditions of July should have induced even greater cyanogenetic 
activity than is apparent, as the increase over the second period is 
only slightly greater than the increase of the second over the first. 
The clover plants in many cases were badly stunted by the time the 
last test material was taken. 

SUMMARY AND CONCLUSIONS 

To determine the cyanogenetic property of white clover (Trifolium 
revens L.), from 1 to 5 individual tests were made on 513 different 
wmte clover plants. In all, 1,983 separate tests were performed 
between May 9 and August 1, 1935, of which about two-thirds were 
negative. 

Approximately 40 percent of the plants tested three or more times 
were consistently negative. 

Only 10 percent of the plants tested three or more times were con¬ 
sistently positive, and these were usually strongly positive. 

There is an indication of increase in the cyanogenetic power of 
plants with increase in size of plant, with progress of season, and with 
a generally decreased moisture supply. 

* Askew, II. O. Sec footnote 4 





MACROSPOROGENESIS AND EMBRYO-SAC DEVELOP¬ 
MENT IN EUCHLAENA MEXICANA AND ZEA MAYS^ 

By D. C. Cooper 2 

Assistant professor of genetics^ Wisconsin Agricultural Experiment station 

INTRODUCTION 

Studies of rnacrosporogenesis and the development of the niacro- 
gametophyte in the Maydeae are almost wholly limited to corn (Zea 
maya L,), and little is known concerning these stages in the life history 
of other members of this tribe. True (12)^^ Guignard (7), and Poin¬ 
dexter (.9) described the ovules of corn, observed double fertilization, 
and briefly outlined the early staj^es in the development of the embryo. 
Weatherwax (13, 14i and Miller (8) studied the details of macro- 
sporogenesis and embryo-sac development. Later Weatherwax (17) 
compared the development of the endosperm of Coix (Coix lacryma- 
jobi) with that of corn. More recently Randolph (10) has presented 
an account of the developmental morphology of the caryopsis of maize 
in wliich embryogeny, endosperm formation and structure of the 
pericarp are fully described. The detailed cytological studies of 
chromosome morphology in teosinte (EuMaena mexicana Schrad.) 
and teosinte-corn hybrids (Beadle (2, 3); Emerson and Beadle (6*); 
Arnason ( /)), as well as the genetical analyses of such hybrids, warrant 
a comparative study of rnacrosporogenesis and embryo-sac develop¬ 
ment in the two parents and the hybrid. 

MATERIALS AND METHODS 

The annual type of Florida teosinte was used in the present investi¬ 
gation. This variety, at the latitude of Madison, Wis. (43'^), does not 
come into flower under field conditions until late in the fall. In 
order to force the plants into flower so as to make the desired crosses 
with corn, the seeds were planted in 8-inch pots in the greenhouse 
about the middle of April. The pots w’^ere taken to the field about 
May 15, the precise date depending upon the w^eather, and sunk into 
the ground so that the tops of the pots w ere flush with the level of the 
soil. A short-day treatment such as was described by Emerson (5) 
was begun at this time. This was accomplished by placing barrels 
over the plants at 5 o'clock each afternoon and removing them at 
7 o'clock the next morning. This practice was continued until the 
plants began to blossom (about July 15), when the barrels were re¬ 
moved entirely. Plants treated in this manner flowered abundantly 
and set a good crop of seed. Reciprocal hybrids between yellow dent 
corn and teosinte were obtained. 

Pistillate spikelets of teosinte and of corn of various ages w-ere 
collected during the summer of 1934, dipped in Carnoy's fluid for a 

» Received for publication Apr. 10, 1037; issued October 1937. Papier from the Deimrtment of Botany 
and the Department of Genetics (no. 211), Wisconsin Agricultural Experiment Station. 

* The writer desires to express his appreciation for support received from the W'lseonsin alumni research 
fund during the iieriod of these investigations. 

3 Reference Ls made by number (italic) to Literatuic Cited, p. 550. 
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short time (one-half to 1 minute), and transferred directly to Kar- 
pechenko’s modification of Nawaschin’s fluid. The material was 
allowed to remain in the latter fluid from 36 to 48 hours, then washed, 
dehydrated, and embedded in 52® paraffin in the usual manner, cedar 
oil being used as the clearing agent. After embedding, longitudinal 
sections were cut at thicknesses varying from 12^ to 20^. The older 
material was cut thicker in order to obtain the embryo sac in as few 
sections as possible. The sections were mounted serially, stained 
in dilute Delafield’s haematoxylin, and counterstained in safranine. 
This combination is valuable because of the clear differentiation of the 
cytoplasm, spindle, iind forming cell plate. 

OBSERVATIONS 

EUCHLAENA MEXICANA 
Development op the Ovule 

The single ovule first appears as an erect, rounded protuberance at 
the base of the carj^el, later becoming more or less conical in shape. 
An apical hypodcrinal cell becomes differentiated as the primary 
archesporial cell while the ovule is in an upright position. This cell 
(fig. 1, A, a) differs from its neighbors in being conspicuously larger, 
with a somewhat denser cytoplasm and a larger nucleus (fig. 1, A), 
Shortly after the dift'erentiation of the piirnary archesporial cell the 
integuments develop as outgrowths of the epidermis near the base of 
the ovule on the side away from the central axis of the pistillate spike. 
The inner integument (i) is the first to appear and shortly after 
its initiation and just below it the primordium of the outer in¬ 
tegument starts development. The entire ovule grows more rapidly 
on the side on which the integuments first appear so that it bends 
toward the main axis of the spike (fig. 1, D), The bending takes 
place in the region of the origin of the integuments and continues 
until the mature ovule assumes an amphianatropous position, i. e., 
it is a type intermediate between the amphitropous and the ana- 
trm)ous forms but approaches the latter (fig. 2, i). 

The inner integument, which remains two layers of cells in thick¬ 
ness, except at the apex in the mature stages, grows so that it has 
reached a level even with the tip of the ovule by the time the four 
spores arc formed as a result of macrosporogenesis (fig. 2, E), The 
ovule at this time is so bent that the longitudinal axis of the row of 
spores makes an angle of approximately 45° to the pedicel. The integ¬ 
ument continues to elongate, growing slightly beyond the apex of 
the nucellus and forming a very short micropyle (fig. 2, L), The apical 
portion in the region of the micropyle becomes four or five layers of 
cells in thickness by the time the ovule is mature. The outer integu¬ 
ment likewise remains two layers of cells in thickness excerpt at the 
apex, where it may be throe or four cells in thickness. It does not 
develop sufficiently to cover more than two-thirds of the ovule. 

The archesporial cell becomes the macrospore mother cell without 
further division and remains adjacent to the epidennal layer of the 
ovule until the nucleus shows advancing stages of the meiotic pro¬ 
phases (fig. 1, B, C). At later stages the cells of the epidermis divide 
to form three or four layers of nucellar tissue beyond the spore mother 
cell (fig, 1,1?, S', 2^. 
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Fiourb V.-Euchlaena mexicana: A, Young ovule; a, arcbesporial cell, i, first evidence of integument forma¬ 
tion; X 425. li. Portion of nucellus with developing arcbesporial cell; X 425. C, Arches(X)rial cell or mac¬ 
rospore mother cell at the onset of meiosls, X 425. D, Y'oung ovule with developing integuments. Nu¬ 
cleus of macrospore mother cell at a late spireme stage, X 425. E, Portion of nucellus with macrosiiore 
mother coll. Nucleus at diplonema, X 425. Same as nucleus at diakinesis; X 421*). O, Nucleus of 
inacrospore mother cell, diakinesis; X 1,625. JI, Macrospore mother cell, heterotypic CQuatorial plate 
stage; X 850. (Drawings made with camera lucida at table level. 
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Figure 2—Euchlaena inexicanu’ Intorkinesis, nuclei preparing to divide; X 860. B, lloinoeotyrdc divi¬ 
sion; X 850. C’and 1), Tetrads showing arrangetuent of siwres; X 425. E, 1/ongitiidinal section through 
pistillate flower, ovule contains a tetrad of spores; X 45. F, Portion of ovule with two-nucleate embryo 
sac and 3 disintegrating siwres; X 425. G, Four-nucleate embryo .sac, celbplate formation: X 426. H, 
Portion of ovule with four-nucleate embryo .sac, later stage of cell-plate formation; X 425. 7, Three-celled, 
eight-nucleate embryo sac showing cell-plate formation; X 426. J, Seven-celled, eight-nucleate embryo 
sac; X 425. K, Embryo sac showing increase of antipodal cells and the l>eginning of starch formation; 
X 425. Zr, Ovule with maturing embryo sac, shows development of integuments; X 45. (Drawings made 
with camera lucida at table level.) 
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M ACROSPOROGENESIS 

The macrospore mother cell is about twice as long as wide at the 
onset of meiosis (fig. 1, B, C). It is somewhat flattened at both ends 
and wider in the apical portion than at the base. The nucleus, which 
may be either near the apical end of the cell or in the midregion, 
passes through the phases characteristic of the heterotypic division 
(fig. 1, C to 11). Ten pairs of chromosomes are present at diakinesis 
(fig. 1, F), one of which is closely associated with the nucleolus (fig. 
1, G). The chromosomes at this stage vary in length so that the 
longest pair is approximately twice as long as the shortest. The spore 
mother cell increases in size during the heterotypic prophases so that 
it is fully three times as long as wide at diakinesis. 

The cytoiflasm of the spore mother cell remains finely vacuolate 
while the nucleus is passing through the prophases. Toward the end 
of diakinesis, however, the cytoplasm at the ends of the cell becomes 
moic vacuolate and a denser zone appears immediately surrounding 
the nucleus (fig. 1, F). The heterotypic spindle, whose axis is parallel 
to the longitudinal axis of the cell, is surrounded by a dense layer of 
cytoplasm (fig. 1, II). At the conclusion of the heterotypic division 
tiie spore mother cell is unequally diAuded by a cell plate, the apical 
(microp)ylar) daughter cell being about half as long as the basal 
(chalazal) cell. A thick wall is laid down by the chalazal cell at its 
mi(Toj)ylar end during the interim between the two meiotic divisions. 
The micropylar cell remains thin-walled (fig. 2, A). 

The axis of the homoeotypic spindle in the (*l\alazal daughter is cell 
longitudinal; the dense layer of cytoplasm immediately surrounding 
the spindle is not as apjiarent as in the preceding division (fig. 2, B). 
This cell likewise divides unequally, and a thick wall is formed on 
the micropylar end of the basal ccU (fig. 2, C, D). The axis of the 
spindle in the micropylar cell formed as a result of the first meiotic 
division may be either longitudinal, transverse, or at an oblique angle 
to the long axis of the ovule. Tlie nuclear division in this cell lags 
somewhat behind that in the chalazal cell (fig. 2, B). Two thin- 
walled daughter cells of approximately equal size are formed (fig. 2, 
(\ D). The four daughter cells resulting from the meiotic divisions 
thus consist of one elongate chalazal cell which becomes the functional 
spore and three cells nearly equal in size which ultimately disintegrate. 
Not more than one spore tetrad was observed in any ovule (fig. 2, £'). 

Development of the Embryo Sac 

The cytoplasm of the functional macrospore becomes highly vacuo¬ 
late toward the chalazal end (fig. 2, C, />), and ultimately a large 
vacuole is formed in this region. Shortly after the first nuclear division 
in the formation of the gemetophyte a second vacuole is formed be¬ 
tween the two nuclei (fig. 2, Tliis vacuole becomes much larger 
than the first, and as a result the nuclei are widely separated. Both 
daughter nuclei now divide and a distinct cell plate is formed across 
each spindle (fig. 2, G). The embryo sac is thus divided into three 
regions, namely, a large central region containing two nuclei (one 
daughter nucleus from each pair) and a large central vacuole (fig. 2, 
H): a chalazal region containing one nucleus and a basal vacuole; 
ana an apical region with one nucleus and finely vacuolate cytoplasm. 
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Fiqube S.—Euchlaena mexicana. A, Kmbryo sac showing starch in egg and endosijerni mother coll; X 425. 
B, Apical portion of embryo sac at time of fertilization; tip of iMilleu tube (pt) lies beneath fertilized egg; pn, 
jK)lar nuclei fusing; male gamete nucleusfufiing with polar nuclei; en, egg nucleus; male gamete nu¬ 

cleus fusing with egg nucleus; syn, synergids; m, micropyle; X 425. C, Erhbryo sac shortly after fertili¬ 
zation showing zygote and two-nucleate endosperm; X 175. J), Embryo sac with a two-celled embryo 
and accomimnying susiiensor cell. A multinucleate endosptirm Is present; X 175. E, Longitudinal 
section through endosiierm and young embryo with multicellular suspensor(«). Note ijersistent anti- 
podals and synergids; X 175. F, Kame as E. Later stage showing development of endosperm; X 175. 
O, A few' endosperm cells from the antipodal region. Highly vacuolate cytoplasm with little evidence 
of storage materials; X 425. //, A few cells of the endosperm lying adjacent to the embryo showing dense 
cytoplasm and abundant storage materials; X 425. (Drawings made with camera lucida at table level.) 
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The cell plates formcHl across the spindles of the second division 
become increasingly distinct as additional cell plates are formed 
across the spindles of the third division (fig. 2, I). The apical region 
delimited by the second division divides to form the two synergids. 
The basal region divides to form two antipodals, one in which the 
cytoplasm is finely vacuolate and one having a large basal vacuole. 
The nucleus in the apical portion of the central region divides and a 
cell plate is formed, cutting off an egg with dense cytoplasm and 
leaving one nucleus in the central region. Thus the egg nucleus is 
the sister of one of the polar nuclei. The basal nucleus of the central 
region likewise divides, and a cell plate cuts off* a tliird antipodal cell, 
leaving one daughter nucleus in the central region. The large middle 
cell now contains two nuclei separated by a central vacuole. This 
vacuole soon disintegrates into a number of smaller ones and the two 

f )olar nuclei move to the midregion of the coll, ultimately coming to 
ie closely adjacent in the vicinity of the egg apparatus (fig. 2, tJ), 
These nuclei are embedded in a central strand of cytoplasm that 
extends from the antipodals to the apex of the cell. The seven- 
celled, eight-nucleate embryo sac now present is approximately three 
times as long as, and correspondingly wider than, the functional 
macrospore before the division of its nucleus. 

The embryo sac grows to twice its original length (fig. 3, A), 
During its period of growth the antipodal cells divide, reaching a 
number of 30 or more. These cells have distinct walls anti are usu¬ 
ally uninucleate, but occasionally a cell with two to four nuclei is 
pn^sent. The nuclei stain heavily and the cytoplasm is finely 
vacuolate. 

The (^gg apparatus consists of three cells, the egg and two synergids. 
All of these are somewhat pear-shaped, the smaller ends extending 
toward the microjjyle. The cells increase greatly in size during the 
final growth period of the embryo sac. The nucleus of each synergid 
lies in the midregion of the cell just above a large basal vacuole. The 
apical cytoplasm stains heavily and a conspicuous filiform apparatus 
is present at the inicropylar end of each synergid (fig. 3, A), 

The egg nucleus is embedded in dense cytoplasm in the midportion 
of the cell. The cytoplasm except in the vicinity of the nucleus is 
vacuolate, and a large vacuole occupies the micropylar end of the egg. 
The primary endosperm cell of the embryo sac remains binucleatc. In 
its cytoplasm, as tlu', cell matures, many small and several large 
vacuoles are fonned. The two polar nuclei, lying in the apical portion 
of the cell, are in close contact. Many starch grains are present both 
in this cell and in the eg^; there appear to be none in the synergids and 
antipodals. No starch is to be seen in the newly formed seven-celled 
embryo sac (fig. 2, J). As the sac develops, however, starch grains 
are formed in tlie dense cytoplasm immediately surrounding the polar 
nuclei and in that about the ejjg nucleus (fig. 2, K). The egg enlarges 
greatly just prior to fertilization, so that it extends into the embryo 
sac for some distance beyond the basal ends of the synergids. 

Fertilization and Development of the Embryo 

Fertilization takes place between 15 and 20 hours after pollination. 
The pollen tube enters the embryo sac between the synei’gids; usually 
neither of these is disorganized at this time (fig. 3, B, C). One of the 
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male nuclei {sn) fuses with the egg nucleus {en), and the other (sn^) 
fuses with the two polar nuclei {pn). Both fusions are shown in 
figure 3, B, The end of the pollen tube {pt) can be seen in the micro- 
pyle and extending between the apical cells of the nucellus. Its 
rounded tip lies beneath the zygote. The tube is constricted in the 
region where it is surrounded by the apices of the synergids and zygote. 
The dense cytoplasm of the primary endosperm cell becomes re¬ 
organized at or shortly after fertilization so that it forms a thin layer 
lining the periphery, a large vacuole occupying the central region of 
the (*.ell. It is difficult to analyze the details of the zygote nucleus 
because of the many starch grains present in the immediately adjacent 
dense cytoplasm. Much starch is present also in the (m(losf)erm 
cytoplasm, especially in the region of the fusing nuclei. Division of 
the endosperm nucleus occurs almost immediately after fertilization; 
two and often four nuclei are formed before the complete disint(»gia- 
tion of the remnants of the pollen tube. 

Four to eight nuclei are present in the endosperm before the zygot(' 
divides; by the time a four-celled embryo is formed 25 to 30 endo¬ 
sperm nuclei lie in the thin peripheral layer of dense cyt-ophism 
(fig. 3, 1)). Soon cell walls are formed between the endosperm nuclei, 
and large higlily vacuolate cells arc formed. Those endospcM-m cells 
in the neighborhood of the embryo now divide rapidly so that, many 
small cells are present in this region, whereas the endosperm cells in 
the region of the antipodals are large and higlily vacuolate. The 
endosperm contains many cells by the time the embryo reaclu^s the 
stage shown in figure 3, Kj in whi(‘h the suspensor (x) is well dilferen- 
tiated. The endosperm develops at the expense of the nucellus, whicli 
in time is completely destroyed with the exception of the epidermis, 
which becomes a part of the seed coat. From this time on growth of 
the embryo is particularly active in two directions, toward the a,nti- 
podals, which form a basal cap, and toward the nucellus at a right 
angle to the longitudinal axis of the embryo. 

In material collected 5 days after pollination, the outgrowd.li of the 
endosperm directly opposite the embryo is more pronounced and the 
whole mass of endospeim has greatly increased in size. Tlu' peri])heral 
layer of endosperm cells at this stage is conspicuous because of a 
diflerential staining reaction. Very little storage material is observed 
in the endosperm (fig. 3, yl), except in those cells immediately adjacent 
to the embryo. The cytoplasm of these cells is dense and stains 
heavily and in some cells starch grains are present (fig. 3, //). The 
synergids aie usually both intact although somewhat shrunken. They 
lie immediately beneath the suspensor shown in figure 3, F. The 
antipodal cells are well formed at this stage and show- no signs of 
disintegration. 

ZEA MAYS 

The ovule of corn develops in a manner similar to that described 
for teosinte. The forai at maturity is likewise similar. A hypo dermal 
cell in the apical region becomes the primary archesporial cell (fig. 4, 
yl). This cell does not divide to fonn a primary parietal and primary 
sporogenous cell but functions as a macrospore mother cell. The 
longitudinal axis of the heterotypic spindle is parallel with the long 
axis of the cell (fig. 4, B). After the first meiotic division two un¬ 
equal daughter cells are formed, the chalazal cell being about twdee 
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Figurk 4 — Zea mays: .1, Apical portion of ovule showing arehes[)orial cell and dividing nucellar cells. 
Ji, MacrosjKire mother cell, heterotypic anaphase. C, Homoeotypic division, equatorial plate in basal 
cell aiwi an earlier stage of division in apical cell, D, Same ns C. Cell-plate fonnaiion in basal cell and 
equatorial plate in apical e'en. K, Tetrad of sp<ires. Large basal cell is the functional spore. F, Two- 
nucleate embryo sac with three disintegrating siwes. G, Apical portion of ovule showing a four-nucleate, 
three-celled embryo sac and three disintegrating siKires. I /, Third division in embryo sac (''hromosomes 
advancing to the equatorial plates. /, Sanies as 11. Equatorial plate stage. J, Same as H, Telophase 
.showing (%11-plnte formation. All X 425. 

Zea mays X Euchlaena mexicana: K, Apical portion of ovule with archesporial tell. L, Tetrad of spores. 
Af, 'rwo-nucleate embryo sac and three disintegrating sixires. N, Four-nucleate embryo sac showing 
cell-plate formation. O, Four-nucleate, three-c«lled embryo sac. P, Third division in embryo sac, 
telophase. All X 4!l5. (Drawings made wdth camera lucida at table level.) 
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as long as the micropylar one. A thick wall is formed at the apex of 
the chalazal cell immediately after this division. 

During the homoeotypic division the longitudinal axis of the spindle 
in the chalazal cell is approximately parallel to the long axis of the 
cell, whereas the axis of the spindle in the micropylar cell is usually 
at an angle (fig. 4, C, D). Nuclear and cell division in the chalazal 
cell usually precede division in the micropylar cell. The chalazal cell 
divides unequally and the innermost is the larger of the two daughter 
cells (fig. 4, £'), A thick wall is formed at the apex of the innermost 
cell. The micropylar cell divides so that the two daughter cells are 
approximately equal in size. Of the four spores now present, the 
innermost and largest becomes the functional spore (fig. 4, E). The 
other three, approximately equal in size, ultimately disintegrate. 

The nucleus of the functional macrospore divides (fig. 4, F), The 
daughter nuclei pass to opposite ends of the sac and then divide. Cell 
plates are laid down across the spindles of this second division in such 
a way that a threc-cclled embryo sac is formed consisting of a uninu¬ 
cleate cell at each end and a large central binucleate cell (fig. 4, 60. 
By the time the embryo sac has reached this stage the three nonfunc¬ 
tional spores are in an acivanced stage of disintegration. 

The embryo sac is fully twice as long at the time of the third division 
as was the functional macrospore. The sac has likewise increased in 
diameter in the micropylar region, the diameter here being three times 
that of the spores. In consequence, the embryo sac is somewhat 
pear-shaped at the time of the third division (fig. 4, //, /, e/). Cell 
plates are laid down across the spindles of the third division (fig. 4, J), 
m a manner similar to that described for teosinte, a seven-celled, eight- 
nucleate embryo sac being formed. The egg nucleus is a sister of one 
of the polar nuclei. Later the antipodal cells increase in number 
(30 to 40 or more) by division and a targe amount of starch is stored 
in the egg and the primary endosperm cell. Many of the antipodal 
cells contain two or more nuclei each. This antipodal tissue remains 
as a well-developed structure in almost mature grains of corn which 
wore collected 25 days after pollination. 

ZEA MAYS X EUCHLAENA MEXICANA 

The process of macrosporogenesis in Zita mays X Euchlaena mexi- 
cana is essentially similar to that found in both parents. The primary 
archesporial cell becomes the spore mother coll. (fig. 4, K), Four 
spores are formed as the result of the two meiotic divisions, the two 
toward the chalaza having thick walls at their micropylar ends (fig. 
4, L). The innermost and largest spore becomes the macrospore and 
the others disintegrate. The developing macrogametophyte passes 
through stages similar to those described for teosinte (fig. 4, M to P). 
Conspicuous cell plates form across the spindles of the second division 
(fiff. 4, iV). The sac is now three-celled and four-nucleate (fig. 4, 0). 
All four nuclei divide (fig. 4, P), cell-plate formation ensues, and an 
eight-nucleate, seven-celled embryo sac is the result. The antipodal 
cells divide so that 30 to 40 are present in the mature gametophyte. 
Starch grains are formed in the egg and in the primary endosperm cell. 
The starch is particularly abundant in the neighborhood of the egg 
nucleus and of the fusion nuclei. 
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DISCUSSION 

The ovules of teosinte, corn, and the hybrid between them are 
amphianatropous at the time of maturity. True (12) described the 
ovule of corn as being cainpylotropous; Miller (8) and Randolph (10) 
found it to bo of a modified campylotropous type; Weatherwax (13) 
reported it as anatropous. However, his figure of the ovule of Coix 
shortly after fertilization is similar to the ovules of Euchlaena and Zea 
as heroin described. 

The primary archesporial cell in the three forms studied functions 
directly as the sporogenous cell without further division. Weather- 
wax (15) described a periclinal division of the archesporial cell of corn 
forming a parietal cell and the macrospore mother cell. No cell wall 
is formed, however, according to him, and the parietal cell is ‘Immedi¬ 
ately consumed.The writer has examined a large number of prepa¬ 
rations containing many stages in the development of the archesporial 
cell in order to find evidences of such a division. During the early 
stages of development of the ovule the nucellar cells adjacent to the 
archesporial cell divide periclinally in the manner shown in figure 4, A, 
but no evidence of a division of the archesporial cell was observed 
prior to the first meiotic division. 

The spore mother cell divides to form four spores. The thick walls 
at the micropylar ends of the two innermost of the four spores are par¬ 
ticularly conspicuous in teosinte and in the corn-teosinte hybrid. 
These w^alls take a deep purple color when stained with Delafield^s 
haematoxylin and a bright pink color wdien the iodine-gentian violet 
combination is used. In no case observed were only three spores 
formed because of a failure of the completion of the homoeotypic 
division in tlie micropylar cell as described by Weatherwax (15), 

The chalazal spore functions as a macrospore and the three apical 
spores disintegrate. Miller (6') reported that all four spores enter 
into the formation of the embryo sac. On the other hand, W’eather- 
wax ()/}) found, as the writer has, that the chalazal spore alone 
continues development and the other three become disorganized. 
Brink (4), in a plant heterozygous for the w^axy type of starch, found 
approximately a 1-1 segregation of the twn types of starch in the 
embryo sac. Tins evidence excludes the possibility of all four macro¬ 
spores entering into the formation of a macrogametophyte. 

The development of the embryo sac is interesting because of the 
cell-plate formation across the spindles of the second division. In the 
material stained with Delalield^s haematoxylin the plates are clearly 
diirerentiated. This fact, in addition to the position of the spindles 
of the tliird division, substantiates the observation of Weatherwax 
that one of the polar nuclei is a sister of the egg nucleus. Figure 2, 
/, showing cell-plate formation after the third nuclear division in 
teosinte, sliows that the synergids on the one hand, and the egg 
nucleus and the upper polar nucleus on the other, represent sister 
nuclei. Schnarf (11) considers this as probably being the case in 
most, if not all angiosperms. 

During the period of further maturation of the macrogametophyte 
the antipodal cells increase in number by division until 30 to 40 or 
more are present. These cells are of approximately the same size in 
teosinte and com. Those of Coix (17) are fewxr in number, much 
larger, and more highly vacuolate. This antipodal tissue remains 
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intact for a long period after fertilization, forming a cap at the apex of 
the endosperm. Material of teosinte 5 days after pollination shows 
well-developed antopodal cells as do also corn kernels collected 25 days 
after pollination, ^eatherwiix {16) and Randolph {10) found evi¬ 
dence of the presence of antipodal tissue just opposite the dent in 
fully matured corn kernels. 


SUMMARY 

Ovule development, macrosporogenesis, and the formation of the 
macrogametophyto are essentially similar in the annual variety of 
Florida teosinte, yellow dent corn, and a corn-teosinte hybrid. 

Just before the appearance of the primordia of the integuments, a 
single hypodermal cell of the nucellus is differentiated as a primary 
archesporial cell. This cell functions as a macrospore mother coll. 

The macrospore mother cell by two divisions produces a row of 
four macrospores. 

The chalazal spore becomes the embryo-sac mother cell and the three 
micropylar spores disintegrate. 

After the second nuclear division in the embryo sac, cell plates are 
formed across the spindles, producing a three-celled embryo sac. 

A third nuclear division, followed by cell division leads to the 
formation of an eight-nucleate, seven-celled embryo sac. The two 
synergid nuclei are sister nuclei; so are the egg nucleus and one ])olar 
nucleus. 

The antipodal cells continue to divide during the course of matura¬ 
tion and growth of the embryo sac so that 80 to 40 cells or more are 
formed. These persist as a definite tissue in the developing seed. 

During the later stages of the maturation of the embryo sac starch 
is stored in the egg and the primary endosperm cell. 

The ovule at the time of fertilization is amphianatropous in form. 

Fertilization occurs in teosinte between. 15 and 20 hours after 
pollination. 

The synergids are not disorganized as a result of the entrance of 
the pollen tube. They persist in the region of the micropyle for 4 to 
5 days and then disintegrate. 
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FOOT ROT OF CHIN A-ASTER, ANNUAL STOCK, AND 
TRANSVAAL DAISY CAUSED BY PHYTOPHTHORA 
CRYPTOGEA* 

By C. M. Tompkins, assistant plant pathologist, California Agricultural Experiment 

Station, and C. M. Ttjckbib, plant pathologist, Missouri Agricultural Experiment 

Station “ 

INTRODUCTION 

In August 1934, a destructive foot rot of Cliiiia-astor {Oallistephus 
chinensu Nees) was observed in Golden Gate Park, San Francisco, 
Calif. Most of the plants wliich had reached the flowering stage were 
either dead or dyinfj. The disease, caused by Phytophthora cryptogea 
Pethybr. and Laff., is of general occurrence on the northern end of the 
San Francisco peninsula. More recently, annual stock or giUiflower 
{Matthiola incana R. Br. var. annua Voss), also cultivated extensively 
in this section, and Transvaal daisy (Gerbera jamesonii Hook. var. 
transvnalenm Hort.), grown at Hayward and Capitola, Calif., were 
found to be similarly affected. The studies reported in tliis paper 
deal principally with the disease on China-aster. 

REVIEW OF LITERATURE 

A disease of China-aster, known as blackleg or foot rot, was reported 
from England in 1915 by Robinson {20);' who attributed the cause to 
an unidentified species of PhyiopMItora. 

In 1919, Pethybridge and Lafferty (10) described a foot-rot disease 
of young toinato plants, prevalent in a nursciy near Dublin, li’eland. 
Diseased China-astei's with comparable symptoms were found in the 
same locality. A new species of Phytophthora , described as P. cryp¬ 
togea, was cultured from diseased tomato and (’liina-aster plants. 
The pathogenicitj' of the two isolates was established by wound inocu¬ 
lations into their respective hosts, while cross inoculations were like¬ 
wise successful. 

Brittlcbank and Fish (6‘) reported infection of mature China-aster 
plants by Phytophthora cryptogea in 1927. 

The disease was serious on China-asters in England in 1925 and 
1926, according to Pethybridge {15). 

Bewley {4) reported the disease on Cliina-asters in England in 1927, 
and damping-off in 1930. 

Pethybridge, Moore, and Smith {17) recorded the frequent occuiTence 
of a foot rot of Cliina-aster in 1929 and 1931 in England, and Pethy¬ 
bridge* reported its presence in 1933 and 1934. 

Tlie first record of the disease on mature Cliina-aster plants in the 
United States was provided by Tompkins, Tucker, and Clarke {22). 
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According to Martin/ blackleg of Cliina-asters was found in the 
District of Columbia in 192() by diaries Drecbshu*, who isolated an 
unidentified species of Phytophlhora from diseased specimens. 

Fetliybridgo {If)) iind Ware {2'fi) liave bibdly lecorded the occur¬ 
rence of the disease on annual stock or gillillowei* {Matthiola incana 
annua). 

Infection of Transvaal daisy (Gerbera jamesonii var. tra 7 t$va.al€n 8 ls) 
has not previously been reported in the literature. 

According to ])ublished reports, the natural host range of Phytoph- 
thora cryptogea includes, in addition to Cluna-aster and annual stock, 
plants of 19 genera in 18 families: Araceae: calla {Zantedeschia aethio- 
pica wSpreng.) {11, 17)] Liliaceae: tulip {Tulipa sp.) (I, 10)] Iridaceae: 
gladiolus {Gladiolus sp.) {!)] Papavcraceae: Iceland poppy {Vaparer 
nudicaule L.) {(>)] C'liiciferae: (‘-auliflower {Brassica oleracea L. var. 
botrytis L.) (/?'), wallflower {Cheiranthm chelri 1^.) (6', 10)] Legunii- 
nosae; white lupine {Lupinus albus L. ) (h*); Uinbclliferae: celery 
seedlings {Apium graveolens L.) {0)] Ericaceae: Rhododendron caro- 
linianum Rehd., R. catairbiense Mhdix., R. niaxvnum 1j. {2f)), and 
Pieris foribunda (Pursh) Benth. and llook.^’; Primulaceae: primrose 
{Primula s]).) (6'); Solanaceae: tomato (Lycoperslcuni escule/niwtn Mill, 
var. milgare Bailey {2, (i, S, 10, 17, 21, 24) and jietunia seedlinirs 
{Petunia hybrida Ilort.) {10)] Scropluilariaceae: snapdragon {.{ntir- 
rhinum majus L.) (6‘); (''ucurbitaceae: cucumber {Cucumis sativus L.) 
{f))] and Compositae: zinnia {Zinnia elegans Jacq.) {12), dahlia 
{IhMia sp.) (/?■), African marigold {Tagefes erecta L.) {IS), and 
cineraria (Senecio cruenfus D(\) 0, 10)? 

FACTORS FAVORING INFECTION 

The principal environmental factors which favor inception and 
spread of the disease are excessive irrigation, inadecpiate drainage, 
and cool weather. The disease is not confined to low, flat areas but 
may occur on sloping ground if the soil is kept extremely wet. (k>m- 
plete failure of the crop may be expected when soils become water¬ 
logged. 

Observations have shown that when plants are grown on well- 
drained sites and supplied with only enough moisture to satisfy 
growth requirements, the incidence of disease is greatly reduced. 

SYMPTOMS OF THE DISEASE 

ON CHINA-ASTER 

Damping-oif of China-asters, due to Phytophthora cryptogea, has 
not been observed under natural conditions in California, although 
it has been reported from J^ngland {4, 20), 

Generally the disease does not occur until some weeks after the 
greenhouse-grown seedlings have been transplanted to beds out of 


» Martin, O. H. diseases of ornamentals, callistephus chinensis, china aster U. S. Bur. 
Plant Indus., Plant Distjase Keptr. Sup. 56 362-363 1927. [MimeoRraphed.] 

« HrMPRREY, H. B., and Wood, J I, diseases of plants in the united states in 1933. U. S. Bur. 
Plant Indus., Plant Disease Keptr. Sup. K6, 107 pp. 1934. [Mimeographed.] 

' Aft<T this paper was accepted for publication, attention of the writers was called to a recent report 
on the natural infection of Marguerite (Chrysanthemum frfUescens h ) by Phytophthora cryptogea [Ovler , 
«E. A DLSEASE OF THE MARGUERITE Nursery and Market Oard Indus. Devlpmt. Soc., Cbestunt, 
Expt and Research Sta. Ann. Kept. (1936) 22:59. 1937.J Accordingly, this host should be added to the 
given above. 
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doors. Although a few plants die early in the season, the heaviest 
loss occurs immediately preceding and during the flowering period 
(fig. 1). The disease appears suddenly, and infected plants usually 
die promptly. 

Above ground, the chh^f diagnostic symptoms of the disease con¬ 
sist of rapid, permanent wilting of the leaves; a blackish-brown dis¬ 
coloration of the low(U’ part of the stem; and lodging of the plant on 
the ground, occasioned by rotting, shriveling, and collapse of the stem 
at or near the soil line. 

The fungus enters the plant through the tap or lateral roots, ulti¬ 
mately spreading throughout the entire root systcun and upward into 



Fkjikk I "Ph^tophttiora foot rot of CMima-ivstcrs in floltien (Jute Park. San Francisco, August 27, 1935. 
Infection causes rapid willing, collapse, and sudden death of the plants. 


the lower fiart of the stem (fig.2). The invaded roots and stems show 
a soft, water-soaked, blackish-brown, odorless type of decay which 
at first is localized in the cortical parenchyma but later involves all 
tissues. Sometimes infected plants develop adventitious roots at the 
upper edge of the diseased part of the root. Diseased plants are 
easily pulled from the soil, but invariably the cortex of the taproot 
and lateral roots sloughs olT and remains behind. 

ON ANNUAL STOCK 

The fungus may attack annual stock jdants in all stages of growth, 
but heaviest infe(‘tion occurs prior to or during the flowering period. 
The symptoms (‘onsist of suddim wilting and drooping of all but the 
youngest tuft of leavt»s, infection and rotting of the roots and lower 
part of tiie stem, with ultimate breakage of the stem at or near the 
soil level. The invaded tissues are blackish brown in color, water- 
soaked, soft, and odorless. Infected plants are easily pulled from the 
soil. 
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ON TRANSVAAL DAISY 

On Transvaal daisy, symptoms consist of sudden wilting of the 
leaves accompanied by a conspicuous color change from the normal 
green to the violet carmine of Ridgway {19). Plants of all ages are 



FKiUBE 2.-~Phytophthora foot rot of Cinna-aster (natural infection): A and B, Decay of the root system 
and typical lesions on the lower part of the stems; C, healthy root system and stem 

susceptible, but the principal damage occurs during the flowering 
period. After invading the crown tissues at or just below the soil 
level, the fungus travels downward into the roots. Diseased crown 
and root tissues are soft, water-soaked, blackish brown in color, and 
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odorless. When infected plants are dug, the cortex of the roots 
usually sloughs off, exposing the discolored central cylinder or stele. 
If an attempt is made to pull the plant before digging, breakage 
occurs at the crown and most of the roots remain in the soil. 

THE CAUSAL FUNGUS, PHYTOPHTHORA CRYPTOGEA 

Phytophthora cryptogea was readily isolated from the roots and 
stems of recently infected China-aster, annual stock, and Transvaal 
daisy plants by placing small tissue fragments from the internal, 
advancing margin of decay on malt-extract agar (13). After 48 
hours, pure cultures were established on agar slants by transferring 
hyphal tips from Pctri-dish colonies. The fungus was cultured at 
intervals from approximately 100 diseased China-aster and 50 diseased 
annual stock plants collected in different localities on the San Francisco 
peninsula. It was also isolated from numerous diseased Transvaal 
daisy plants. From a group of diseased Transvaal daisy plants col¬ 
lected at Burlingame, C^alif., pure cultures of P. drechsleri Tucker were 
consistently obtained. 

Freehand cross and longitudinal sections of naturally and artificially 
infected roots and stems of China-aster, annual stock, and Transvaal 
daisy were stained with fast green and Magdala red. The fungus is 
intercellular. JVthybridgc and Lafferty (16) found the mycelium to 
be intercellular and intracellular in the parenchymatous tissues of 
tomato plants. The hyphae, upon invading healthy tissues, w^ere 
confined to the intercellular spaces, but in very young seedlings and in 
older diseased plants were observed in the wood vessels. 

Isolates of Phytophthora cryptogea from China-aster, annual stock 
and Transvaal daisy were indistinguishable in culture. On potato- 
dextrovse agar there was scant aerial growth of white mycelium 
with the development of occasional clusters of vesicular swellings 
in the mycelium; on Difeo corn-meal agar the mycelial grow^th 
was almost entirely submerged; on oatmeal agar the development 
of aerial mycelium was fairly profuse but no spores appeared. 
S})orangia and oogonia failed to develo]) on any of the solid culture 
media used. 

The vesicles that appeared in potato-dextrose agar cultures were 
usually less than 27 microns in diameter. They were spherical to 
irregular in shape, thin-walled, with hyaline contents that resembled 
those of the hyphae, from which they were not separated by walls 
as are the chlamydospores produced by Phytophthora parasitica and 
other species. The vesicles of P. cryptogea differed from those of 

cinnamomi in their smaller size, comparative rarity in culture, and 
in their smaller depec of differentiation from the hyphae. 

Sporangia developed fairly abundantly on hyphae transferred 
from week-old cultures on oatmeal agar or in pea broth to Petri’s 
solution, distilled water, or nonsterile soil leachate, as suggested by 
Mehrlich {14)] in the latter the sporangia developed very promptly, 
appearing after 48 hours. They were obpyriform to ovate or elon¬ 
gated, the latter often slightly constricted near the middle, non- 
papillate, with a small distinct refringent thickening at the apical end, 
22.8 to 44.8 by 11.6 to 21.2 microns, averaging 32.2 by 17.2 microns. 
Sporangia produced after 6 days in Petri’s solution were similar in 
shape and size to those produced in the nonsterile soil leachate. The 
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sporangia germinated by the growth of a single slender hypha from the 
refringent apical region, or by the development of zoospores which were 
fully differentiated within the sporangium and escaped in the manner 
typical of the genus. The sporangiophores resumed growth through 
evacuated sporangia in the fashion usual in Phytophthora cryptogea 
and certain other species with nonpapillate sporangia. 

Oogonia, oospores, and anthcridia were not observed in the cultures 
examined, and late and scanty development of sexual spores in cul¬ 
ture is probably characteristic of the species. 

Nine isolates were grown on Difeo com-meal agar plates at various 
temperatures. After 96 hours the average diameters of the mycelial 
growths were as follows: At 3° to 4.5° C., 0; at 11°, 15 mm; at 15°, 
35 mm; at 20°, 50 mm; at 25°, 59 mm; at 30°, 48 mm; at 35°, 0. At 
35° the inocula usually failed to survive the exposure of 96 hours. 

The California isolates of Phytophthora cryptogea were compared in 
parallel cultures with an isolate of the species sent to the Centraal- 
bureau voor Schimmelcultures by Pethybridge. Their similarity in 
cultural characters, morphology, and temperature relations seem to 
justify the identification of the C'ahfornia isolates with the aster 
parasite repoj'ted from Europe and Australia, even in the absence of 
observations on the sexual stages. 

PATHOGENICITY TESTS 

Inoculum was prepared by growing tlie diirer(*nt isolates of the 
fungus on sterilized, moistened cracked wheat. It was added in uni¬ 
form quantity to autoclaved soil in 6-inch pots, each containing a 
young plant (6 to 10 leaves), in a manner designed to avoid wounding 
the roots. wSterilized wheat was used for the noninoculated controls. 
The plants, grown in a greenhouse at temperatures ranging from 18° 
to 22° C., were watered heavily each day to provide favorable con¬ 
ditions for infection. 

ON CHINA-ASTER 

The pathogenicity of the China-aster isolate was proved oi] tlie 
variety Late Branching Mary Semple. On December 28, 1934, 25 
plants were inoculated. By January 9, 1935, all plants were infected, 
the incubation period ranging from 5 to 12 days. Symptoms shown 
by diseased plants were identical with those resulting from natural 
infection. Typical wilting of the leaves (fig. 3) and collapse of the 
stem with lodging of the plant occurred. When diseased plants were 
pulled from the soil, the soft, w^atery, blackish-brown cortical tissues 
were readily sloughed oft* from the central cylinder of the taproot. 
Most of the lateral roots were completely rotted. The five noninocu¬ 
lated controls continued healthy. All infected roots yielded the fungus 
when plated. 

On January 25, 25 C^hina-aster plants of the same variety were in¬ 
oculated with the reisolatod fungus. All plants were infected by 
February 5, the incubation period ranging from 7 to 11 days. The 
five noninoculated controls wore healthy. 

Damping-off of Cfiiina-aster seedlings (varieties Apricot and Ford- 
hook Favorite) occurred when seeds were planted in previously in¬ 
fested soil or in autoclaved soil to which the fungus was later added, 
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ON ANNUAL STOCK 

Healthy annual stock plants (variety Fiery Blood Red) were readily 
infected in 24 days by artificial inoculation with the isolate from this 
host (%. 4). The fungus was reisolated and its pathogenicity again 
demonstrated by inoculation. All control plants remained healthy. 



FkiTRe 3 - ChNlophthora foot rot of <'hma-a.stor .1, Artificial infection of the variety Late Branching 
Mar> Semple after 7 da>s, show ingrapul w iltmti, B, healthy control. 



FiorRE 4.—Phytophthora foot rot of annual stock A, Rapid wilting of the outer whorls of older leaves 20 
days after inoculation w lUi the isolate from this host, a tuft of young inner leaves remaining turgid; JBt, 
healthy control. Variety Fiery Blood Red. 


ON TRANSVAAL DAISY 

Two isolates of Phytophthora cryptogea from Transvaal daisy grown 
in widely separated localities proved pathogenic when inoculated into 
young, liealthy Transvaal daisy plants. Typical symptoms of the 
disease were produced in 20 to 69 days. The pathogenicity of the two 
reisolates wuis again demonstrated ny inoculation. 

2(i44.5—37-2 
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A culture of Phytophthora drechsleri, previously referred to, also 
caused infection of healthy Transvaal daisy plants after inoculation. 
Infected plants showed symptoms which wore identical with those 
resulting from invasion by P. cryptogea, and the incubation period w^as 
approximately of the same duration. The desirability of laboratory 
cultural examinations of diseased specimens is apparent. 

It is concluded that the several isolates of the fungus are highly 
pathogenic to the hosts from which they originated. That direct 
penetration of unwounded healthy roots and stems occurred under 
conditions of these tests is indicated. 

SUSCEPTIBILITY OF CHINA-ASTER VARIETIES TO INFECTION 

Numerous commercial varieties of China-aster were tested for sus¬ 
ceptibility to infection by Phytophthora cryptogea. For convenience, 
these varieties w^ere segregated into arbitrary classes:®^ Crego, 30; 
Dwarf Bouquet, 1; Early Beauty, 24; Ciants of California, 14; King, 
14; Late Beauty, 4; Late Branching, 39; Peony Flowered, 11; Pompon, 
17; Queen of the Market, 20; Royal, 9; Single or Sinensis, 11; Sunshine, 
4; V^ictoria, 10; and unclassified, 13. Of the 227 varieties, 75 were 
listed as resistant to fusarium wilt by the seedmen from whom they 
were obtained. Wilt-resistant varieties were not available in the 
Dwarf Bouquet, Giants of California, Late Beauty, Pompon, and 
Sunshine classes. In addition, one foreign variety belonging to the 
King class and of no commercial value because of its dwarf habit, w^as 
tested. 

Approximately 20 plants of each variety w^ere inoculated according 
to the method previously described. This involved in the aggregate 
about 5,000 plants. All varieties proved to be highly susceptible, 
with no survival of indiAuduals in any particular variety. Under green¬ 
house conditions, the fusarium wilt-resistant varieties were as readily 
attacked by the fungus as those listed as wilt susceptil)]e. The incu¬ 
bation period for most varieties ranged from about 10 to 45 days. 
When considered collectively, the minimum incubation period for all 
tested varieties wras 6 days and the maximum 93 days. Although 
some infected plants reached the flow^ering stage before they died, 
most of them succumbed prior to flow-er formation. 

In the autumn of 1935, seed w’^as obtained from a few^ apparently 
resistant Cliina-aster plants prowm in Golden Gate Park. Progeny of 
all selections proved susceptible upon inoculation. 

EXPERIMENTAL HOST RANGE 

Artificial infection of certain plants by Phytophthora cryptogea has 
been recorded by several investigators, a brief resume of which is 
^iven. Pethybridge and Lafferty (16*) reported infection with an 
isolate of this fungus from tomato, after w^ounding, of beech seedlings 
(Fagus sylvaticah,)fmang;eh (Beta vulgaris L.), sw^edes (B, ca/mjfestrislj, 
var. napobrasHica DC.), white turnips (B. rapa L.), apples (Mains 
sylvestris MiU.), GUia tricolor Benth., potato tubers (Solanum, tubero¬ 
sum L.), and green and ripe tomato fruits (Lycopersicum esculentum 
var. vvlgare). Later, Cairns and Muskett (7) corroborated in part 
the earlier work of Pethy bridge and Lafferty (16*) by artificially 
producing pink rot of potato tubers (S. tuberosum). 

«Thte classification was kindly suggested by Harry B. Joy of Salinas, Calif. 
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The China-aster isolate of Phytopkthora cryptogea has a compara¬ 
tively limited experimental host range. Young plants (6 to 10 leaves) 
of wallflower {Cheiranthus cheiri), annual stock (Matthiola incana var. 
annua), Transvaal daisy (Gerbera jamesonii var. transvaalensis), 
Michaelmas daisy {Aster alpinus L., A. oreophilus Franch., and A, 
subcoeruleus S. Moore var. diplostephioides Hort.), and hybrid cineraria 
(Senecio cruentus) were artificially infected. Damping-off of cucumber 
seedlings {Cucumis satirus) occurred when seeds were planted in 
infested soil. 

Fruits of eggplant (Solanum melongena L. var. esculentnm Nees), 
ripe tomato (jjycopersicum eseulenturn var. vulgare) var. Stone, green 
bell pepper {Capsicum annuum L. var. grossum Sendt.), pumpkin 
{Cwurbita pe/po L. var. condensa Bailey) var. Early White Bush 
vScallop, watermelon {Citrullus vulgaris Schrad.), and cucumber {Cucu¬ 
mis sativus) were infected without wounding. Lesions on all fruits 
had a water-soaked appearance except those on eggplant, which were 
warm sepia in color. 

The following species reacted negatively to artificial ino(*.ulation: 
Bulbous plants, including Chinese sacred-lily {A\irc!ssus iazetta L. var. 
orientaJis Hort.), tulip {Tulipa gesneriana L.), hyacinth {Hyacinthus 
orientalis Ij.), hybrid gladiolus {Gladiolus sp.), freesia {Freesia hyhrida^ 
Hort.), and poppy-flowered anemone {Anemone coronaria L.); fruits 
of apple {Malus sylrestris Mill.), var. Yellow Newtown, green tomato 
{Lycopersicon esculentum var. vulgare) var. Stone, squash {Cucurhita 
maxima Duchesne) var. Banana, pumpkin {Cucurhita pepo var. con- 
densa) var. l^ie, Yellow C'rookneck, and Zucchine, Persian melon 
{Cucumis melo L. var. reticulafus Naud.), and Honey Dew melon {C, 
melo var. modorus Naud.); roots of ganlen beet {Beta vulgaris), ruta¬ 
baga {B. campesiris var. napobrassica), turnip {B, rapa) var. Purple 
Top l^liite Globe, carrot {Daucus carota L.), and parsnip (Pastinaca 
sativa L.); tubers of potato {Solarium tuberosum) var. Russet Burbank; 
and young plants of Iceland poppy {Papaver nudicaule), wallflower 
{Cheiranthuscheiri),pi\\\^y {ViolatidcolorJu,),celery {Apiurn graveolens) 
var. Golden Self Blanching, common pimpernel or poor-man’s- 
^^eviillerg;lf^s,s{Anagallis arv€nsisJj.),GiIia iricolor,tonmio {Lycopersicum. 
esculentum var. vulgare) var. Early Santa Clara Canner, green bell 
pepper {Capsicum annuum var. grossum), tobacco {Alicotiana tabacum 
L. yar. Turkish), petunia {Petunia hyhrida), snapdragon {Antirrhinum 
majus), nemesia {Nemesia strumosa Benth. var. suttonii Hort.), sun- 
flo\rer {Ilelianthvs annuus L.), zinnia {Zinnia elegans) var. Double 
Lilliput Purple, English daisy {Beilis perennis L.), Michaelmas daisy 
{Aster farreri W. M, Sm,, A, horizontalis hort. hybr. grandiflorus, 
pyramidalis. A, subcoeruleus S. Moore, and A, yunnanensis 
Franch.), French marigold {Tagetes patula L.), and African marigold 
{T. erecta L.). 

wSeeds of several species were planted in infested soil but no damp- 
ing-off occurred on seedlings of cauliflower {Brassica oleracea var. 
botrytis) var. February, turnip (B. rapa) var. Purple Top White 
Globe, wallflower {Cheiranthus cheiri, celery {Apium graveolens), 
parsnip {Pastinaca sativa), Gilia tricolor, tomato {Lycopersicum esculen¬ 
tum var, mlgare), petunia {Petunia hyhrida), snapdragon {Antirrhinum 
majus), zinnia {Zinnia elegans), dahlia {Dahlia sp.), and hybrid 
cineraria {Senecio cruentus). 
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Two varieties of China-aster (Giant Crego Azure Blue, wilt resist¬ 
ant, and Queen of the Market Lavender, wilt resistant) were readily 
infected by the isolate of Phytophthora cryptogea from annual stock 
after 17 days. However, the type culture from Pethybridge (host 
not specified), an isolate from African marigold (18), and the two 
isolates from Transvaal daisy did not cause infection after 41 days. 

Plants of annual stock (variety Fiery Blood Red) were infected 
with the two isolates from Transvaal daisy aftei* 21^ days. The type 
culture yielded negative results. 

Successful inoculations were made to Transvaal daisy plants with 
the isolate from annual stock, after 29 days, and with the isolate 
from marigold, after 22 days. The type culture did not cause 
infection. 

SUMMARY 

A foot rot of ('hina-astcr, annual stock, and Transvaal daisy, 
caused by Phytophthora cryptogea Pethybr. and Lalf., is prevalent on 
the San Francisco peninsula and in other localities. 

The principal environmental factors favoring the disease are ex¬ 
cessive moisture, poor soil drainage, and cool weather. 

Infected plants wilt veiy suddenly. The roots and the lower part 
of the stems of China-aster and annual stock and the roots and crowns 
of Transvaal daisy are involved in a soft, wet decay. Ultimately 
breakage of the stems or crowns at or near the soil level is followed 
by lodging and death of the plants. 

The isolates of the fungus from C'hina-aster and otlu'r hosts are 
described. 

In the greenhouse, infection was obtained by adding the fungus to 
the wet, autoclaved soil of potted ]>lants. The imMibation period 
averaged 10 days for China-aster, 24 days for annind stock, and 45 
davs for Transvaal daisy. 

The China-aster isolate was pathogenic to cucumlxM- seedlings and 
young ])lants of wallflower, annual stock, Transvaal daisy, Mi(*hat‘l- 
nias daisy, and hybrid cineraria, as well as to unwounded fruits of 
eggplant, ripe tomato, green bell pej)per, pumpkin, watermelon, and 
cucumber. 

The annual stock isolate caused infection of C^hina-aster and 
Transvaal daisy. 

When inoculated into annual stock, the Transvaal daisy isolates 
proved pathogenic, but no infection of China-aster was ()})tained. 

An isolate of Phytophthora drechsleri from Transvaal daisy readily 
infected that host. Symptoms produced were indistinguishable from 
those induced by P. cryptogea. 

No resistance to the disease was found in any of the commercJal 
varieties of China-asters tested, including strains resistant to fusarium 
wilt. 
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A FORMULA FOR REDUCING THE COMPUTATIONS 
NECESSARY TO FIND THE VARIANCE OF A SET OF 
AVERAGES' 

By William Dowell Baten 

Research associate in slatisticsy Michigan Agricultural Experiment Station 

The yield of a three-row plot is often considered to be the average 
of the yields of the rows. The averages of these yields are used to 
obtain the mean and variance of the yields of the entire number of 
plots used in the experiment. Since the yield of each plot is an 
av(*Tage of three-row yields, fractions are usually involved; also, 
deviations of the plot yields from the general mean of the group 
involve more fractions which increase the ^vork of computation. 

The weight of a steer is often consicierod to be the average of three 
measurements of his weight taken at diflerent times during the day. 
Some research workers find the average of tlie three measurements, 
the deviations of these averages from the general average, and then 
the variance of the measurements from the sum of squares of these 
deviations. This method is used frequently in finding the variance 
of the weights of steers emjiloyed in a project. When this method of 
calculating the variance is employed, a great amount of computing is 
usually reciuired in which decimal fractions arise. 

The object- of this paper is to show how to obtain the mean and 
variance of the measurements without the labor involved in lirKling the 
averages of the three measurements made at the outset and the 
deviations of thes(‘ averages from the general mean. 

Let jTi, //i, Cl represent, resjiectively, the yi(d(ls of the three rows in 
the first plot; let ,/’2, Jh) -j represent the yields of the three rows in the 
second j)lot, etc. Yields of the plots are taken as the average of the 
three-row yields. They are, respectively, 

TIT + 

1=^ “ -' 

11- •r2^■?/2d -j 

n. = 

,r r, 

H .r-^ 

... — J'n 't'J/ii i-C„ 

The general mean, or the mean of all the plot yields, is 
^ u ■ Wn 

which is the sum of all row yields divided by the total number of 
rows in all plots. 

‘ Received for publication Mar. 15, 1937, Issued November, 1937. Journal Article no. 21M (n. .s ) fiom 
the Michigan Agricultural Exiienmenl Station. 
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It is not necessary to use tlio nrtiial moasurenients, for by using an 
assumed or provisional jnean the general jnoan and variance can ho 
found. The use of a provisional mean enables one to reduce the size 
of the items and thus to lessen the chances of making errors. Let m 
be the provisional mean, which is usually some whole number near 
the center of the range of the measurements; let x/ be the deviation 
of the yield of the first row^ in the first plot from the provisional mean, 
m; let be the deviation of the yield of the second row in the first plot 
from w, and r/ the deviation of yield of the third row^ in the first 
plot from m: etc. The deviations of the original measurements from 
the provisional mean, Aa, are stnall numbers and hence are easier to 
use in computing. 

The general mean, Af, can be written in terms of the deviations from 
the provisional mean. By definition 


.ro' - Xn “ m , ?/2' ~ y> — m , ■“ tn 

Adding the above gives, 


( 1 ) 

or 

Hence 

(2) 


?//-! ?/-f 

^{x^y+z) + + 


8// 




+ 7n 


Frojn the definition 


('!) + + ?// 

The variance - of the yields of the ])lols, obtained by taking tlie 
average of the three measurements, is by d(‘finition 


or 

(4) 


n / 

cr^-=S( 
1-1 \ 


-ff-l vA -f 


^(■tA-lhV 

M “ ;i// 



(«-i) 



liu 

i',yt i/i f'~/) 

/-I 





/ 

(/^"”1) 


Substituting the values of y, \ Zi) aiul xA-yA-z, from (2) and 

(3) respectively into (4), gives 


(5) 


n{,ri /// I c/)f8?mi- 

IX -- 

1=1 

/ 371 \ 2 

W (•»■/+•?// +2/) - g W + y/-\- 2/)\ 


(«~1) 


\ 

(«“ l)i 


a This isi,considered to be the best estimate of the variance of the poiuilation from which the siunple Is 
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Now, carrying out the suinination in tlio above line, we luive the 
following without the denominators 

7inxf+yf + zfy-2n-^{r/-\^y/ + 2^^^ (2:(x/-^ y/ + z/)y 

nKT/+yV-^zfr-27i2:{x/ + y/ + z/)W zf) + {Z(x/ + y/ + z/)y 


yn'+Zr/y"27i:i:{jf f?//'fV)( a'+?// f z/)+ {:i:(j'/+yi'+Zj')) 


Adding, we get 


or 

(0) 






j-l 


4 '^(SCo' +?//+•-/)) 

1 y/ 1 -»(!:(•'■/1.'// i =/)J 


/ [n- 1) 


1 !»« 


Formula (6) looks eomplioated; actually it is very easy to use, as 
table 1 concerning yields of three-row' plots of Minbardi wheat will 
show. The first three columns in table 1 contain wheat yields for the 
three rows of 10 plots. The next three columns contain the deviations 
of the yields from the provisional jnean, 250 g. In column 7 are 
recorded the sum of the items in columns 4, 5, and (>; the last column 
contains the squares of the numbers in column 7. 


Table 1.— Dnia to illustrate the use of formula (tt) 


Yield of 

Minliardi wheal 






How 1 

How 2 

How 3 

J -250 1 g-250 


i'4-i/M 2' 

u'-fg'-fz') ^ 

JL 

P 

z 

l' 

_ 





Grams 

Grams 

Gravis 

Grams 

Grams 

Ora ms 

Grams 

Grams 

247 

251 

221 

-3 

1 

-20 

-28 

784 

249 

2Z4 

233 

-1 

-27 

-17 

-45 

2,025 

271 

252 

221 

21 

2 

-29 

-0 

30 

203 

233 

255 

13 

-17 

5 


1 

2H() 

215 

200 

30 

-35 

10 

i 

25 

255 

234 

258 

5 

-10 

8 

-3 1 

9 

250 

217 

211 

0 

-33 

-9 

-36 

1, 290 

202 

220 

208 

12 

-24 

IS 

0 

30 

297 

207 

284 

47 

17 

34 

9S 

9,004 

288 

252 

209 ! 

38 

2 

19 

59 

3.481 

I'oi 


1 




-fr»i 

17,297 


- 



1 ” 

. . _ 




From {2} the value of the Koneral rneau is A/«=2.')07 g. 
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From formula (6) the variance of this set of data, where the plot 
yield is considered to be the average of the yields of the three rows in 
the plot, is 

,__1 0(17,297)— . 

90 (9) 90(9) '■ “ 


.-.<7== V210.3 = 14.5g 

In the foregoing illustration there were no fractions in the calcula¬ 
tions until the last step in finding ili and the last division in finding cr-. 

A similar formula can be derived from n plots, each with k rows, 
where the yield of a plot is considered to be the average of the yields 
of the k rows. The formulas for moan and variance are 


(7) 


• • • +/%') 

- ^ - 

kn 


and 


(8) cr- - - - . 


where is the yield of the first row of the ?th plot, anti a/ is the 
deviation of the yield of the first row in the /th plot from the provisionril 
moan m. 

Let us now consider a set of weight measurements made on IH steers, 
where the weight of a, steer is considered to be the average of five 
measurements made during the first day of the feeding experiment, 
as shown in table 2. 


Table 2, —Data to illustrate the use of formulas (?) and (<V) 



Weights of steers taken at 5 times during 
first day 

j 







Steer 











. fV. . 














no. 

First 

Second 

Third 

Fourth 

Fifth 

0-310 

6-310 

c-310 

(/-310 

f-310 

f' i-rf' 
'ir' 



a 

6 

c 

d 

e 

o' 

b' 

c' 

rf' 

d 




Lb. 

Lb. 

Lh, 

Lh 

Lb. 

Lb 

Lb. 

Lb 

Lb 

Lb 

Lh 

Lb 

1_ 

300 

315 

304 

308 

310 

-10 

5 

-6 

— 

0 

-13 

109 

2 . 

285 

280 

293 

297 

288 

—25 

-30 1 

-17 

-13 

- 22 

-107 

11,449 

3.- 

325 

322 

317 

329 

320 

Til 

12 

7 

19 

10 

63 

3.969 

4_ 

337 

324 

330 

334 

328 

27 

14 

20 

+24 

' 18 

103 

10, 609 

6 _ 

296 

307 

301 

290 

306 

— 15 

- 3 

-9 

-11 

...4 

-42 

1. 764 

a. 

271 

283 

280 

278 

285 

-30 

-27 

-30 

-32 

-25 

- 153 

23,409 

7 . 

305 

310 

312 

318 

30fi 

-5 

9 

2 

8 

-4 

10 

100 

8 _ 

329 

322 

314 

319 

324 

19 

12 

4 

9 

M 

58 

3,364 

9 . 

3(M 

309 

317 

321 

311 

-0 

-1 

7 

11 

4 

1 15 

225 

10_ 

325 

333 

335 

340 

3;io 

+■15 

23 

25 

30 

20 

113 

12.769 

11 . 

301 

313 

297 

303 

307 

-9 

3 

-13 

— 7 

-3 

~29 

841 

12. . 

279 

288 

291 

284 

275 

-31 

-22 

-19 

-26 

-35 

-133 

, 17,689 

13 . 

298 

294 

306 

301 

290 

-12 

-16 

-4 

-9 

-20 

-61 

3,721 

Total. 











-176 

1 90,078 














From (7) the mean of the weights, where weight is considered to 
be the average of the five weights made during the first day, is 

+310=307.29 pounds. 
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From (8) tlie variance is 


cr^=13(90,078)-(-176)2 

25X13X12 


=292.32 


and 


<7—17.1 pounds. 


This formula may be employed to shorten computation work when 
Harris^ formula is used for finding the intraclass correlation coefficient. 
Harris' formula is 

(9) + (^- 1)7/J, 

;>-l 

where — the number of items in the same family; r/ —the number of 
families; 

J==:.thc mean of all items; —the number of degrees of freedom; 
s-=the variance of an entire set of items; —the mean of the 

items in the p th family': r=the intraclass correlation. 

n' _ 

The summation, Xj in formula (9) can be found by formula 

(6), as the following example sliows. 

The number of pedicels per inlloresceiKte of nonterminal inflores¬ 
cences on the second branch of a certain jdant were counted for 
obtaining the correlation between number of pedicels for sister 
clusters. Tliere were three nonterminal infloresceiu'es on the second 
branch of these })lants. Table 3 gives the data. 


Table 3. —Data to illustrate the use of farm ulus (6') artd (9) 


— — 

—-- 


-- - — 

— — 

— 

-- 

— 

Pedicels per clu.sfer 


7/1-8 




First 

Second 

Third 




T' \ y' i z' 

(x'd-y'+zO 

chisicr 

cluster 

cluster 

i' 

y' 

z' 



X 

y 

z 






Number 

N't! mber 

Nu tuber 






S 

9 

8 

0 

1 

0 

1 

1 

10 

10 

9 

2 

V 

1 

5 

25 

7 

8 

7 

-1 

d 

-1 

2 

4 

9 

7 

8 

1 

-1 

0 

d 

0 

0 

7 

0 

~2 

- 1 

_2 

-5 

25 

S 

y 

9 

0 

1 

1 

2 

4 

8 

8 

8 

0 

0 

0 

0 

0 

7 

7 

tt 

- i I 

-1 

-2 

-4 

10 

10 

9 

8 

2 ' 

1 

0 


9 

8 

9 

9 

0 

1 

1 

2 

4 

7 

a 

8 

~1 

_ 2 

0 

-a 

9 

11 

8 

9 

a 

d 

1 

4 

10 

9 

9 

9 

1 

1 

1 

3 

9 

8 

» 

8 

0 

0 

0 


0 

7 

0 

0 

-1 

-2 

-2 ! 

! 

25 

9 

8 

8 

1 

0 

i 

i 1 

1 

7 

7 

7 

—1 

-1 

-1 

-a 

9 

11 

11 

10 

a 

a 

2 

-8 1 

04 

8 

8 

7 

0 

0 

-1 

-1 I 

1 

10 

8 

10 

2 

0 

2 

4 

16 

Total_ 






238 

: _ 






—6 1 


* Harris, J. A. a contribution to the problem of homotyposis. Biometrika 11* 201-214, illus. 1910. 
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liy usiiij^ tluMiuniility in ])rackots in fonnula ((>) Miosnm, 
is e(|nal to 


„-.,_ 2 ()( 238 )-(())^_ 4724 ^ 

^ ^ 9-20 180 

This valuo used in foniiula (9) leads to an intraelass correlation 
coefficient of 0.925. 

Formulas (7) and (8) enable one to lind the mean and the standard 
deviation of a set of averages without actually findiiifr the averages 
or the deviations from the general mean and by emjdoying smaller 
numbers than the original measurements. These' formulas reduce 
the work of computation. 



THE URONIC ACID CONTENT OF THE NITROGEN-FREE 
EXTRACT OF FEEDING STUFFS' 


By G. A. Guanzon, luntractor in sugar technologg, college of agriculturCf Lagatia^ 
P. /., and W. M. Sandstuom, assistant chcwisl^ Minnesota Agricultural Experiment 
Station 

INTRODUCTION 

Abmidaiit data exist on tlie pen’ontage of nitrogen-free extract in 
feeds, but in only a few instances is there information conct>rning the 
kind and quaiitity of carbohydrates comprising it. According to 
their digestibility, Fraps (6*)- arranged the known comi)onents of the 
nitrogen-free extra(‘t in tlie following order: (1) Sugars, (2) starch, 
Ol) ])entosans, (4) residue. It is also being recognized that the effects 
of association of the different compoTients may have a great deal to 
do with digestibility. Thus, r(»sults (.5, 6', 7, 8, 9, IS, 14) show that 
the sugars and starches and the pentosans of hays and forages are 
gen(‘rally less digestible than the same constituents in starchy con¬ 
centrates and meal feeds. 

The term ^^residual nitrogen-free extract^' is given by Fraps (10) 
to that part of the nitrogen-free extract remaining after the values 
for sugars, starch, and pentosans have been subtracted. This fraction 
incliuies tlie uronic acids, with (he determination of which this paper 
deals. 

Polymers of uronic acids are widespread in (lie plant world as 
incrusting materials and as constituents of cell walls, and in the 
hemicellulose and ]>ectic materials. Link (/J, 10) has demonstrated 
the ])resen(‘e of free glycuronic acid in corn seedlings. It is well 
known that com])oun<is like benzoic acid and certain terpene deriva¬ 
tive's are eliminated from the higher animals as ‘‘paired glycuronic 
acids.” Mathews (17) suggests that the uronic acid is a transitory 
stage in the oxidation of glucose in the bodv; however, it has never 
])(‘cn shown that the' higlier animals are able to utilize tlie uronic 
(‘omplexes. 

MKTHODS OF EXPERIMENTATION 

MATERIALS 

Nine feeds representing <*oncentrates, grain byproducts, and 
roughage were selected to give a variety with respe<'t to pliysical and 
chemi(‘al characteristics, as is shown in table 1. The peanuts were 
purchased in the open market; the other materials were available at 
the Minnesota Agricultural Experiment Station. All were obtained 
in an air-dried condition. In eacli case a 3()0-g sample was coarsely 
ground and then placed in a. ball mill until the particles were reduced 
to a size passing through a sieve having circular ojienings of 1 min. 
diameter. 

> UweiMHl for piihhcatiou Juup 11, issued Nuverulier lu:i7. (Vmtnhution no H28 of I he Minnesota 
AuncuHun;! Expenineut Station 

“ Reference In made number titalie) to Literature Cited, p .ISA. 
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Table 1. —Composition of feeding stuffs {moisture free) 







1 Sugars and starch 



Crude 

fiber 

Pentosans 

Nitrogen- 

Uronic 





Feed 

in crude 

free 

acid an- 






fiber 

extract 

hydride 

Reducing 

sugars 

Sucrose 

Starch 

Total 

1 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Alfalfa hay.- . 

Corncobs . _ 

30.31 

6 m 

40 37 

10 40 

1 70 

1.06 

1.44 

4.86 

30 63 

4 48 

68,87 

6 88 

1.44 

.00 

2 03 

4 07 

(^orn bran.. 

16 90 

1.10 

02 40 

0 04 

.30 

nil 

7 34 

7.04 

Peanut hulls ,. . 

70 40 

14 47 

14 70 

1 0 (K) 

83 

.48 

.88 

2 11 

Peanut kernels __ 

2 43 

.20 

14 96 

1 92 

(0 

6 39 

3.27 

8.06 

Kye.. ..- 

2 21 

16 

81 30 

.72 

17 

6 43 

53. 68 

59 28 

Timothy hay_ 

34. 66 

5.98 

47 19 

6 00 

3.67 

1 39 

.74 

6 70 

Wheat bran_ , _ 

12 11 

.99 

63 23 

3 88 

.70 

3.91 

7.83 

12 44 

Wheat shorts_ _ 

0 74 

.49 

68 90 

1.68 

1.16 

4.34 

20 73 

20.23 


J Trace 

ANALYTICAL METHODS 


The uronic acid content was determined by the method of Dickson, 
Otterson, and Link {4) except that tlie liberated carbon dioxide was 
received in two spiral tubes (Bailey (S)) in series, and the excess of 
barium hydroxide titrated in tliese containers. Approximately 20 
minutes of heating is required to bring the temperature of the reaction 
mixture to 100° C., during which time any carbon dioxide evolved 
from carbonates present is removed. At this stage the standardized 
solution of barium hydroxide is introduced into the receiving train. 
This is a slight modification of Anderson's method (f). Norris and 
Resell {18) have recently verified the statement that the determination 
of uronic acids by decarboxylation is quantitative. In the case of the 
rye, wheat shorts, and wheat bran samples, which contain large 
quantities of starch and sugars, correction was made for the carbon 
dioxide evolved under the conditions of the determination (0.45 
percent of the weight of the carbohydrate). The quantities of protein 
present do not yield a measurable amount of carbon dioxide under the 
above conditions. 

The determinations of moisture, asli, crude protein, pentosans, 
sucrose, reducing sugars, starch, and ether extract were made by the 
official methods of the Association of Official Agricultural Chemists 
{2y pff. 335j 336, 25, 344^ 341, 480, 342, and 339, respectively). Crude 
fiber was determined by tlie Kennedy modification {11). l\'ntosans 
were also determined on a sample treated for weighing as crude fiber 
and botli pentosans and crude protein determined on a fat-free 
sample which had been extracted for 30 minutes with boiling N/50 
sulphuric acid, follow’^cd by 15 minutes of boiling after the addition 
of enough sodium hydroxide to neutralize the acid and give a solution 
N/50 with regard to the alkali (7). Only part of these values are 
reported in this paper, however their determinations were necessary 
in order to calculate the values for the nitrogen-free extract. 

CALCULATIONS 

Pentosans in nitrogen-free extract. —The differences between the 
total pentosans and the pentosans in crude fiber are taken to be the 
pentosans in the nitrogen-free extract. 

Residual nitrogen-free extract. —The percentages of sugars, starch, 
and pentosans in the nitrogen-free extract were added together and the 
sum subtracted from the total nitrogen-free extract. The remainder 
is termed the residual nitrogen-free extract. 
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Insoluble pentosans in nitrogen-Jree extract .—The pentosans were 
determined on the residue insoluble in N/50 acid and alkali. The 
pentosans in the crude fiber as determined previously were sub¬ 
tracted, and the remainder is termed the insoluble pentosans in 
nitrogen-free extract. The soluble pentosans in the nitrogen-free 
extract were calculated by differences. 

Insoluble residual 7hitrogen-Jree extract .—From the value for the 
residue insoluble in N/fiO acid and alkali was subtracted the sum of the 
value for crude fiber plus the values for the crude protein and the 
pentosans in that insoluble residue. The difference is termed the 
insoluble residual nitrogen-free extract. The value for the soluble 
residual nitrogen-free extract was calculated by differences. 

DATA 

Table 1 gives tJ)i^ coin])osition of the feeds on the moisture-free 
basis; all values are the average of three determinations. Table 2 
records the composition of certain constituents of the nitrogen-free 
extract cahuilated as ])ercentages of that fraction. 

Tablk 2. CoiUjHn^ition of the mlrogeii-free extract of feeding stnhs 



1 

j 1 roiiic 
i aoul 
! anhy- 
i (irides 

i 

{si mats 
an<i 


Pentosans 


Itesulual nitroKpn 
evtraet 

—free 


starch 

Soluble 

1 Insoluble 

I 

Total 

Soluble 

Insoluble 

Total 


! ]\n(nt 

l*(rc(vl 

Pneeni 

i 

! Perce tit 

Percent 

J*(rcent 

Percent 

Percent 

.\lfulfa hay_ 


12 01 

17 21 

» 2 - 

26 61 

29 07 

32 K3 

02 50 

ConujolK .. 

- . , ii 1 

U 01 

19 20 

! 3.{ .W ‘ 

62 74 

0 13 

34 20 

40 33 

Corn bran.. 

. . ' U) fill , 

12 23 

41 10 

H 02 1 

60. 46 

18 24 

13. OS 

31.32 

JPeaiiut hulls 

_ 1 41 r.O ! 

M 36 1 

1 () H7 

31 16 1 

40 OK 

9.69 

31 90 

44.49 

Peanut kernels 

12 Ki 

67 03 

; 16 26 

1 (». 20 

21.64 

14 ( 2) 

6. SI 

2f) 40 

Kye.. . 

Timutliv hav 

,. , .. 1 ss 1 

72 Mf. i 

! 0 77 

1 2 14 j 

11 U1 

11 37 

3.80 

16. 23 

- .. _ i 1(1 fid ! 

12 OH 1 

1 2 (*i 

i 2<).30 1 

2H 90 ' 

29 76 

1 2tJ. 24 

6K 99 

Wheat bian ... 

_ ..; 7 2y 1 

2:1 37 1 

1 23 01 

20 72 , 

44 31 

1(» 23 

10 00 

32 29 

Wheat shoit.s 

- 2 41 ; 

1 

3H 01 ' 

14 K. 

1 7 

1 

2! 74 1 

i 

31 96 

^27 

40 22 


DISCUSSION 

III goiK'ral the uronic acid content only ])artially tends to parallel 
the crude fiber content; in the case of the two hays and the conicohs 
the values are out of line. The pentosan content of the cnide fiber 
shows a better aKretunent with the total cnidc liber, thus suggesting 
that the variations in the uronic acid content are to be ascribed to 
the portion found in the nitrogen-free extract. 

In compaiing the values obtained for the various constituents in 
the nitrogen-free extract it is to be recognized that the “pentosan” 
values will include the pentose moiety of the uronic acid anhydrides. 
On the basis of equivalent weights 75 percent of the. uronic acid 
anhydride is pentose, hut Norris and Resch (18) have shown that the 
uronic acids yield only approximately 42 percent of the theoretical 
amount of furfural. On tliis basis 31.5 percent of the weight of the 
uronic acid anhydrides is included in the “pentosan” fraction as 
determined. The appropriate deductions from the total pentosan in 
the nitrogen-free extract have been made to give the corrected pen¬ 
tosan values. Only in the case of the alfalfa hay and the peanut hulls 
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is the chaiij^e very great. The corrected pentosatx value of the former 
is 17.41 percent as contrasted with 25.51 percent of the nitrogen-free 
extract, while in the case of the peanut hulls the value becomes 27.62 
percent instead of 40.68 percent. Since it is not known how the 
uronic acids are distributed as between soluble and insoluble ^^pento- 
sans^^, and since the corrections are slight (ranging in difference from 
0.3 to 3.3 percemt), the corrected values for the other feeds are not 
shown. 

An examination of table 1 fails to reveal any veiy great regularity 
between the uronic acid content and the total nitrogen-free extract of 
the feeds examined, although there is a tendency for the two to vary 
inversely. As is to be expected, the concentrates contain higher per¬ 
centages of starch and the soluble sugars, and with the exception of 
the peanut kernels, these latter vary inversely with the uronic acid 
content. Among the roughages the starches and sugars occur at 
about the same lower level but associated with higher concentrations 
of uronic acids. The proportionalities between the various known 
constituents of the nitrogen-lree extracts are shown more clearly by 
the method of calculation employed in table 2. 

The residual nitrogen-free extract- contains the miscellaneous 
products; of these the uronic acid anhydrides in the feetls are here 
determined for the first time. There is no marked tendency to regu¬ 
larity between the content of uronic acids and the total reridual 
extract. Except in the case of com bran and peanut, kernels, the 
uronic acid content of these feeds increases with the insoluble residual 
nitrogen-free extract, but no regularity api)ears when the soluble 
portion is considered. 

Since the pentosan fractions as determined should include that 
arising from the uronic acids present, as pointed out earlier; and since 
pectins, hemicelluloses, and gums contain uronic acids (4, 7 ); and since 

the pectins and gums may be sufficiently soluble to escape the crude 
fiber determination 05), we might expect to find some relationship 
between the uronic acids and pentosans. There is, again, no rela¬ 
tionship to be observed when the soluble and tin* imsoluble ])entosans 
are separately comi)ared with the uronic acid (‘ontent, of each fecul. 

The digestibility of the total nitnxgcn-free extract is no doubt the 
resultant of the digestibility of the individual compements of this 
fraction. Investigators, partic'ularly Fraps (70), have referred the 
lower values of the digested matter of roughages as compared with 
those of concejitrates to the presence of unknowm and undetermined 
constituents. Fraps pexints out that the ‘‘pentosans soluble in N/50 
acid and alkali are digested to a great(^r extent than the remaining 
pentosans^^ (7) and that “the nitrogen-free extract soluble in N/50 
acid and alkali is, as a rule, digested to a greater extent than that not 
soluble^' (5). With this in mind the calculated percentages of 
digestibility of the feeds as shown in table 3 were made by assuming 
tl)at the star(hes and sugars were 100 percent utilized, and that the 
pentosans and the residual nitrogen-free extract w^ere utilized to the 
extent that they were soluble in N /50 acid and alkali. The calculated 
digestibility was arrived at by giving effect to the proportions of the 
various constituents. This calculation was made in order to compare 
the residts with those obtained for the nitrogen-free extract from 
feeding trials as summarized by Henry and Morrison {12, a'ppendix 
table IF). 
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Table 3. —Digeahhility of feeds and of their nitrogen-free extract as related to uronic 

add content of each 



(Ironic acid eontent of— 

Calculated 

Coefficients of 
digestibility 

Fi*ed 

Feeds 

Nitrogen- 

free 

extract 

digestibility of 
total nitrogen- 
free extract 

from feeding 
trials (ITenry 
and Morrison 
(/^)) 

\lfrtlfa hiiy.. .. 

Percent 
JO. 40 

Percent 

25. 76 

J*erc( nt 

.W 92 

70-72 

(’orncohs— , . .. 


0 99 

;t2 24 ; 

62 

Corn bran. .. 

«.04 

10 6;t 

71 67 

80 

IVanut hulls . 

« 00 

41 m j 

30.81 


Poaniit kernels . _ . 

1 02 

12 M 

87 83 

'84 

Rye - - - . .. 

Timothy hay_ - - - - 

.72 

.M8 

94 00 

88-94 

6 00 

10 (K) 

44 44 

47-f»2 

Wlieat bran. 


7 29 

63 21 1 

66-72 

Wheal shorrs„ . _ . . ^ 

1 G« 

2 U 1 

[ 84 16 

78-88 


The calculated digestibilities agree surprisingly well with results 
obtained by actual feeding trials. There is a closer agreement in the 
case of the concentrates with their high content of starches and sugars 
and the lower content of uronic acid and residual nitrogen-free extract. 
On the other hand, the calculated digestibilities are somewhat lower 
than those obtaincal by feeding trials in the case of the roughages which 
contain a greater amount of uronic acid anhydrides. These latter are 
only part of the residual nitrogen-free extract, but the results sug- 
g(‘st that the lowered digestibility may in part be accounted for by 
the uronic acids. 

SUMMARY 

Analyses on nine feeds classified as concentrates, grain byproducts, 
and roughages have been made in the usual way but to include uronic 
anhydrides in the residual nitrogen-free extract. Koughages in general 
contain a higher ])ercentage of the uronic acid anhydrides than do the 
concentrates. There does not appear to be ain’^ regularity between 
the uronic anhydride content and the other constituents of the 
nitrogen-free extract. A calculated artificial coefficient, of digestibility 
of these feeds compares fairly well with the results of feeding trials, 
but the parallelism is less close in the feeds with a high nitrogen-free 
extract, part of which is of a \ironic acid nature. 
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THE EFFECT OF MECHANICAL PROCESSING OF FEEDS ON 
THE MASTICATION AND RUMINATION OF STEERS ^ 


By C. H. Kick, assistant^ Paul Geklaugh, chiefs and A. F. Schalk, associate^ 

Animal Industry Department; and E. A. Silver, associate^ Agricultural En¬ 
gineering Department^ Ohio Agricultural Experiment Station 

INTRODUCTION 

Numerous data are available in the literature regarding the effects 
which various methods of preparation of concentrates and roughages 
have on the utilization of these feeds by cattle. The conditions under 
which the different trials have been conducted are so variable from 
the standpoint of the typo of animal, indices used, and the degree of 
control of the many factors involved that it is difficult to draw con¬ 
clusions from the results reported. 

If mechanical processing of feeds is of any value other than in¬ 
creasing palatability or decreasing waste, it would appear that it 
must certainly save the animal some energy in the comminution of 
the feed by reducing tlu^ amount of work required in the processes of 
mastication and rumination. If this be true, the energy required for 
the so-called work of digestion would be reduced and the metabo¬ 
lizable energy so conserved should be available for production purposes. 

REVIEW OF THE LITERATURE 

Bergman and Dukes * reported a critical study on two cows fed a 
normal dairy ration of grain, silage, and hay. They found that one 
animal spent 0 hours and 42 minutes and the other spent 8 hours and 
22 minutes daily in rumination. In the case of each animal this 
process oc(*urred in 15 to 20 periods which were evenly distributed 
over the entire day. The length of these periods varied from 2 to 49 
minutes with an average of 26 minutes. The total number of boluses 
regurgitated paralleled the total number of minutes of rumination. 
Approximately 59 seconds w^as devoted to each bolus and about 5 
seconds of this time was occupied by the j)rocesses of rumination 
othiu* than romastication and reinsalivation. No correlation between 
the amounts of feed consumotl and the time spent in rumination was 
reported. 

Fuller'^ obtained detailed information on three dairy cow^s fed a 
normal ration. He reported averages of 5 hours 57 minutes eating, 
S hours 5 minutes ruminating, 53.9 seconds rem as tic a ting each bolus, 
and 3.73 seconds spent in deglutition and regurgitation. Twenty- 
tw^o cows in stanchions daily spent approximately 3 hours eating, 8 
hours ruminating, and made approximately 41,000 jaw movements 
daily. The rate of the jaw^ movements depended on the kind of 
material being chew^ed—94 per minute for the mastication of grain 
and silage, 78 per minute for the mastication of hay, and 55 per 
minute during rumination. 

^ Received fo^mbheation Mar. 1937; u»su<'d November 1937. 

* Bkroman. H. D., and Dukes, H. H, ob.servation.s on certain diurnal phases of rumination. 
Jour. Amer. Vet. Med. Assoc. 67 (n. s. 20)* 364-366, illus. 1925. 

3 PtJLLER, J. M. SOME PHYSICAL AND PHYSIOLOOICAI ACTIVITIES OF D\IBY COWS UNDER CONDITIONS OK 
MODERN HERD MANAGEMENT. N. H. Apr E\pl Sta Tech. Bull. 3r), 29 pp , illus. 1928 
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Schalk and Ainadon ^ reported data on the time required for the 
mastication of various feeds by dairy cows. They found that the 
following lengths of time wore required for 5-pound allowances of the 
various feeds: Whole oats 10 minutes, corn on the cob 18 minutes, 
ground feed 14 minutes, hay 15 minutes. 

The same authors ^ obtained results of a study of rumination with 
nine dai^ cows on rations of ground grain, alfalfa hay, and corn 
silage. The animals were followed continuously for 60 hours. The 
observations obtained, based on a 24-hour period, were 0.14 hours occu¬ 
pied in eating, 6.89 hours ruminating, and 10.90 hours resting. 

Four animals were observed continuously for 60 hours for more 
detailed information,^ and it was found that the total time spent in 
rumination was divided into 162 periods including 66 with the animal 
in the standing position, 75 in the lying i)Osition, and 21 in both posi¬ 
tions for part of the period. The average number of boluses per period 
was 25.37, with 50.32 chews being made on each bolus. liuring the 
entire period of 60 hours tlie four animals regurgitated 4,110 boluses 
and made 206,663 chews. 

T>vo animals were followed in detail for 24 hours while on pasture 
during the summer.^ Thirty rumination periods were observed to 
average 26.1 boluses per period and the average number of chews ]>er 
bolus was 39.11. Sixteen of these periods occurred while the anijiials 
were standing and 14 while lying. They regurgitated 793 boluses and 
made 31,013 jaw^ movements during the 24 hours. 

The authors concluded that such factors as age, condition of the 
teeth, and the nature and kind of feed all alfected rumination. Flies, 
mosquitoes, dogs, interference by herd mates, or any condition which 
would worry, frighten, or disturb the animal may lead to a cessation of 
rumination. If the stoppage was momentaiy, the animal would hold 
tlie bolus in the oral cavity and presently would resume chewing. 
However, the number of cIkws was always lessened and the total time 
of rumination decreased. 

The present investigations were undertakcui as part of a larger pro¬ 
gram on the study of digestion in cattle. The\y w ore planned to deter¬ 
mine the effects of the processing of both concentrates a!id roughages 
on mastication and rumination in steers of various ages. 

METHOD OF PROCEDURE 

The animals used were ordinary feeder steers which had been pur¬ 
chased on the open market. They had all been operated on to pro¬ 
duce rumen fistulas for purposes other than the experiments to be 
reported. All the steers were in good physical condition but in rather 
thin flesh during these trials. Their ages at the beginning of the tests 
varied from 17 to 31 months. 

The following rations were fed to each steer: 

Ration 1, whole alfalfa hay. 

Ration 2, coarsely cut alfalfa hay—modulus 4.55—uniformity 5:5:0.'^ 

* SCHALK, A F., and A\fADOV, H S. PHY.*«IOLOr,V of thk kt minant stomach (hovink), study of the 
DYNAMIC factors, n. Oak Affr Expt. Sta. Bull. 2I«, rA pp . illus. 1928. 

s The first exiiression of figures is the niodulas of flnoness; tho second e.xprossion is the uniformity of the 
material m regard < o size of particles. Ttie fineness of the material was made by the modulus systimi. Seven 
screens are used which range from a -^i-inch mesh to 100 meshe.*! jier inch. 'J'his senes of screens separates 
the material into various particle sizes. By weighing what remains on each screen a figure is computed which 
gives the fineness of the material. The larger number denotes coarse material and tho smaller number 
denotes fine material. The consistency of uniformity of the material was arrived at by adding the percent¬ 
age of material remaining on the coarse screens, tho medium screens, and the fine screens. This gives a ratio 
of three figures which denotes the relationship In the amounts of coarse, medium, and fine material in any 
given eample. 
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Ration 3, finely cut alfalfa hay—modulus 3.55—uniforniity 1:7:2. 

Kiition 4, ground alfalfa hay- -modulus 3.25—uniformity 1:6:3. 

Ration 5, whole alfalfa hay, protein su})plcmcnt—modulus 2.01 -uniformity 
0:3:7, shelled yellow corn— modulus 6.01—uniformity 10:0:0. 

Ration 6, whole alfalfa hay, protein supplement—modulus 2.01—uniformity 
0:3:7, ground shelled yellow corn—modulus 3.56—uniformity 2:6:2. 

Ration 7, protein supplement—modulus 2.01—uniformity 0:3:7; shelled yellow 
corn— modulus 6.01—uniformity 10:0:0. 

A good-quality alfalfa hay was used throughout the trials. The 
coarsely cut and finely cut hays were approximately 2-inch and }i-inch 
pieces which had been cut in an ordinary hay cutter. Figure 1 shows 
samples of the alfalfa hay as fed. The hay and corn were ground by a 
hanuner-type mill. The protein supplement consisted of a mixture 



Figure l —-Samples of the various hays fed: A, coarsely cut alfalfa, approximately 2-!nch lengths; B, finely 
cut alfalfa, appruxiuiately > 4 -mch lengths, C’, whole alfalfa; />, ground alfalfa. 


of dry-rendered tankage, cottonseed, linseed, and soybean-oil meals, 
steamed bonemeal, limestone, and salt. Block salt was before the 
animals at all times. 

The rations were fed at approximately 8 a. m. and 4 p. m. in such 
amounts as the animals would consume readily. Each steer was given 
exactly the same amount of the various kinds of hay in order to have 
a common basis on which to compare the amounts of mastication and 
rumination. The corn and hay of the mixed rations were always fed 
in the ratio of 3 parts of corn to 1 part of hay, the amount of corn being 
regulated by the appetite of the animal. The shelled corn in ration 5 
was replaced by an equivalent weight of ground corn in ration 6. In 
the last trial (ration 7), the roughage w^as omitted from the feed, the 
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amount of protein supplement was maiiitainod as in the two previous 
trials, and the animals were allowed all the shelled corn they would 
consume. 

A preliminary period of a week, in some cases more, was introduced 
between trials, during which time the animals were fed the rations to 
be tested during the following period. This preliminary period served 
to accustom the animals to the new fec<l and also to remove any 
residue of the preceding ration which might remain in the rumen or 
reticulum. 

Each trial was begun at approximately 8 a. m. when the animals 
were given their morning feed. The number of jaw movements was 
recorded by means of mechanical counters and the time taken was 
noted. This process was repeated about 4 p. m., when the evening 
feed was offered. During the remainder of the 24-hour period the 
steers were under constant surveillance, and the time, niunber of 
chews, number of boluses regurgitated, and the number of chews 
per bolus during the entire daily rumination were recorded. Each 
trial was continued for 48 consecutive hours, and the data ])resented 
represent, in each case, an average of two 24-hour periods. 

OBSERVATIONS 

In general, as the finer hay was fed the number of chews taken for 
mastication was reduced in all the animals regardless of age (table 1). 
There was no apparent difference in the amount of mastication re¬ 
quired for the long and the coarsely cut hay in the case of the young¬ 
est steer (A). Steer 1) did not relish the ground hay and minced 
about while eating, which would account for the increased number of 
jaw movements taken for the mastication of this material. All of the 
animals took more chew^s in the mastication of ground corn than 
shelled corn. The number of chews per unit weight of feed decreased 
as the age of the animal and the amount of feed consumed increased. 

The total time spent by each steer in the mastication of the different 
rations (fig. 2) varied directly with the total number of chews made. 
When the time required per unit of feed was calculated it was apparent 
that the younger animals (A and E) spent more time in masticating 
their food than the older animals (B and D). The percent of the daily 
time spent in mastication varied from 4.3 to 11.0 depending on the 
fineness of the material eaten. In the case of the various roughages, 
the amount of time decreased as the size of the particles decreased. 
The reverse was true in the case of the corn, shelled com requiring less 
time for mastication than did ground corn. The only obvious reason 
for the discrepancy in the time required for the mastication of whole 
alfalfa when fed alone and in combination with the concentrates is the 
fact that on the higher plane of nutrition the appetites of the animals 
were keener. The rate of chewing was variable but could not be 
correlated with the physical condition of the feed. 
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WHOLE ALFALFA 

8.8 POUNDS 

A 

2 INCH CUT ALFALFA 

8.8 POUNDS 


I^INCH CUT ALFALFA 

8.B POUNDS 


GROUND ALFALFA 

8.8 POUNDS 


WHOLE ALFALFA 

13.2 POUNDS 

n 

2 INCH CUT ALFALFA 

13.2 POUNDS 

ID 

•/ INCH CUT ALFALFA 

13.2 POUNDS 


GROUND ALFALFA 

13.2 POUNDS 


WHOLE ALFALFA 

15 4 POUNDS 

n 

2 INCH CUT ALFALFA 

15 4 POUNDS 

u 

J/ INCH CUT alfalfa 
^15 4 POUNDS 


GROUND ALFALFA 

15.4 POUNDS 

A 

SHELLED CORN 9 POUNDS 
PROTEIN SUPPLEMENT 2 POUNDS 
ALFALFA 3 POUNDS 

A 

GROUND CORN 9 POUNDS 
PROTEIN SUPPLEMENT 2 POUNDS 
ALFALFA 3 POUNDS 


SHELLED CORN 12 POUNDS 
PROTEIN SUPPLEMENT 2 POUNDS 
ALFALFA 4 POUNDS 

B 

GROUND CORN 12 POUNDS 
PROTEIN SUPPLEMENT 2 POUNDS 
ALFALFA 4 POUNDS 

1 

I 

SHELLED CORN 14 POUNDS 
PROTEIN SUPPLEMENT 2 POUNDS 


SHELLED CORN 15 POUNDS 
PROTEIN SUPPLEMENT 2 POUNDS 
ALFALFA 5 POUNDS 

D 

GROUND CORN 15 POUNDS 
PROTEIN SUPPLEMENT 2 POUNDS 
ALFALFA 5 POUNDS 


SHELLED CORN 18 POUNDS 
PROTEIN SUPPLEMENT 2 POUNDS 

E 

SHELLED CORN 12 POUNDS 
PROTEIN SUPPLEMENT 2 POUNDS 
ALFALFA 4 POUNDS 
GROUND CORN 12 POUNDS 
PROTEIN SUPPLEMENT 2 POUNDS 
ALFALFA 4 POUNDS 


SHELLED CORN 14 POUNDS 
PROTEIN SUPPLEMENT2POUNDS 



12 16 
TIME HOURS 


MASTICATION 


RUMINATION 


-Total time spent by steois m niastieatinjr, runaimtiiiK, and rest nit? duniiK a 24-hour period 
Ago of animals. A, 17 to 2S months, H, 22 lo 33, J), 31 to 42; and K, 2S months 
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Table 1. — Effect of various methods of 'preparation of alfalfa hay and of grinding 
corn on mastication by steers 

(Data aro for two LM-luuir peiio«l.sJ 

ALFALFA HAY 







Mastication 



Steer 

Ape 

Qiiautity and preparalion of uitioii 


Chews 

Total 

time 

Time 

Portion 
of day 

Chew’s 




(Miews 

l>cr 

per 

spent 

j)er 





pound 

pound 

in mas* 
tication 

minute 



Afonthu 


Number 

Number 

Minutes 

Mmutes 

Percent 

Number 


17 

f8 8 pounds whole alfalfa.. . 

10,298 i 

1,170 

141 

16 0 

9.8 

73 

A 

18.8 pounds 2-ineh cut alfalfa.. 

10,686 ! 

1,214 

143 

16.3 

9.9 

75 

A 

19 

f8 8 pounds M-inch cut alfalfa. 

6,737 : 

766 

99 

11.3 

6,9 

68 


18 8 pounds pround alfalfa__ 

5,609 

637 

76 

8.6 

5.3 

74 


22 

fl3 2 pounds whole alfalfa_ 

13,085 

991 

159 

12.0 

11 0 

82 

B 

\13.2 pounds 2-mch cut alfalfa. 

10,280 

779 

121 

9.2 

8.4 

85 

24 

03 2 pounds J^-inch cut alfalfa.- 

6,182 

468 

84 

6.4 

5.8 

74 


113 2 pounds pround alfalfa . 

4, 5.56 

345 

62 

4.7 

4 3 

73 


31 

05 4 pounds whole alfalfa. 

13,935 

905 

158 

10 3 

11 0 

88 

D 

U5.4 pounds 2-inch <!ut alfalfa .. . 

9,824 

638 

126 

8 2 

8.8 

78 

33 

/15 4 pounds j,4-innh cut alfalfa .. _ 

7,060 

458 

90 

5 8 

6 3 

78 


115 4 pounds ground alfalfa_ 

8,330 

541 

96 

6 2 

6 7 

87 


nHOUND CORN 




13 pounds whole alfalfa_ 

1,723 

! .574 

; 26 

; 8 7 

1.8 

66 


28 

2 pouud.s protein supplement, 9 

1 

1 



1 




1 iMiunds shelled corn. 

2. 031 

I 18,5 

26 

1 2 4 

! 1 8 

78 



(3 pounds whole alfalfa. 

2, 054 

6,85 

28 

9 .3 

1 1 9 

73 


1 28 

2 pounds protein supplonient, 9 
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\ pounds .shelled corn. 
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The effects of processing feed on runiination are presented in table 
2. Cutting the alfalfa into lengths as short as one-fourtli inch had 
no marked effect on the number of chews, the time taken for rumina¬ 
tion (fig. 2), the number of periods this time was divided into (fig. 3), 
the number of boluses regurgitated, or the number of chews made and 
the time spent on each bolus. However, grinding the hay reduced the 
number of chows and the time required for rumination and this 
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roduml the, number of chews made j)er pound of feed. The daily 
tinuj spent in rujnination of the whole and cut liays averaj^ed ap])roxi- 
inately 29 percent, while in the case of the ground liay this was reduced 
to 19 percent. The youngest animal (A) evidencetl a slight reduction 
in the number of chews and the time required for rumination on the 



WHOLE ALFALFA 
30 a POUNDS 


■mi— r MTgiJLH 


SECOND 24 hours 


2 INCH CUT ALFALFA 
30 8 POUNDS 


SECOND 2A HOURS 


U INCH CUT ALFALFA 
30.8 POUNDS 


SECOND 24 HOURS 


GROUND ALFAl FA 
30 8 POUNDS 


SECOND 24 HOURS 


RUMINATION 


I ' 1 REST 


FK.rRK Distribution of pciiods of mustication, ruminatK.n, and rest of steers <ner n 4s-hour jieriod 
\Ke of uniiiiuls A, 17 to iU iiumtlis; B, 22 to 24 nionlhs. and I), 31 to 33 months. 

finely cut hay, but tliese differences were small and coitld only be 
regarded as an indication. 

The mixed rations (5, 6, and 7) required fewer chews and less time 
for rumination (table 2) than the rations consisting of hay alone. 
The differences due to grinding the corn were not very consistent, 
but when the data from all the steers w^ere averaged no effect w^as 
demonstrated. How'cver, the removal of the roughage from the 
ration reduced the rumination process to a minimum as measured 
by the time and the number of chews taken. 














































Table 2 . The effect of eanoiis 7nethods of preparation of alfalfa hay a 7 id of grinding corn on rumination by steers 

I Data are for two 24-hour periods] 

ALFALFA HAY 
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The total number of boluses regurgitated, the number of chews, 
and the time spent on each bolus were practically the same when the 
rations consisted of cut hays or whole hay, but when ground hay or 
the mixed rations were fed, these indices were greatly reduced, with 
the exception that the time spent on each bolus was fairly constant 
on all the rations. Feeding a ration devoid of roughage resulted in a 
minimum number of boluses being regurgitated and a slight reduction 
in th(^ number of (*hews per bolus as compared to the other mixed 
rations. A peculiar observation was made when the animals were 
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fed the finely ground hay and the mixed rations. Two or three, 
sometimes as'many as six, boluses were regurgitated and rcmasticated 
before any of the material in the oral cavity was swallowed. 

The rumination process was divided into a number of periods scat¬ 
tered throughout the 24 hours (figs. 3 and 4). The processing of both 
roughage and concentrates bail no apparent elTcct on the number or 
distribution of these periods, but it is obvious from the graphs that 
the length of those periods was retluced materially when ground hay 
or the mixed rations were fed. 

The rate of chewing was practically constant for the whole and cut 
hays and showed only a slight reduction on the ground alfalfa. How¬ 
ever, the rate on the mixed rations appeared to be slower than who... 
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roughage alone was fed, and this was further reduced by the entire 
removal of the roughage from the ration. 

DISCUSSION 

The object of the mastication of feed is apparently twofold—the 
comminution of the feed particles and the incorporation of the saliva 
in the feed. These two processes occur simultaneously and which of 
them is predominant depends upon several factors. One of the more 
important of these factors is the physical condition of the feed. In 
every case except that of Steer A the data show a reduction in the 
number of chews ])er pound of feed required for the mastication of 
alfalfa as the particles became smaller. An average of approximately 
twice ns many chews w(».re made on the whole alfalfa as on the ground 
alfalfa. This would naturally be expected since comminution of the 
feed must necessarily have been more important in preparing the 
whole hay for deglutition than the ground hay. It was actually ob¬ 
served when whole hay was fed that prehension was much slower and 
the chewing more vigorous and deliberate than when the processed 
hays were eaten. An average of approximately four times as many 
chews were made in masticating a pound of whole alfalfa as wen* 
necessary for a pound of whole shelled corn and prolein supplement, 
while the number of chews required for ground corn was approximately 
25 percent greater than for shelled corn. 

All of the observed results may be explained on the basis of the 
l)rimary object of the mastication of the various i‘ations. When the 
comminution process was the piimary obje(*t, as in the cas(* of the 
whole hay, the maximum number of chews per unit of feed resulted. 
The insalivation process, taking place simultaneously, was not a 
limiting factor in the time or number of ch(*ws required. As the hay 
was processed to reduce the size of particlcss, the comminution ])rocess 
required less time and energy, and therefore the time and the number 
of chews were reduced. This was true within certain limits. When 
the hay was finely ground the insalivation process had attained pre¬ 
dominance, and the time and energy required were ajiparently de¬ 
pendent upon this factor. 

When shelled corn was fed, prehension was extremely rapid and the 
corn was swallowed as soon as it was sufficiently covered with saliva 
to allow easy deglutition. Apparently the reduction in the size of 
particles was not a factor of major importance in the mastication of 
this material. This was also true in the case of ground corn, and it 
appears as though the increased number of chews can only be ex¬ 
plained on the basis of the difficulty of insalivation. Shelled coni 
kernels, protected by their outer coating liigh in fiber, are not capable 
of absorbing as much saliva as the soft, starchy endosperm which is 
exposed by the ground corn. Therefore, it is apparent that it will be 
more difficult to prepare the ground corn for deglutition, and this 
explains the increased number of chews and length of time required. 

The age of the animal would seem to affect mastication. The 
younger animals took more chews per unit weight of feed than the 
older steers. 

Other factors which probably affect the mastication process are 
metabolic rate, general physical condition, and appetite. It is always 
difficult to measure such factors and evaluate their effects, but some 
^A4«.ication of their collective effect exists in the data presented. When 
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the animals were on the higlier plane of nutrition of the mixed rations 
they were in better general physical condition, gained in body weight, 
and had much keener appetities than when the ration consisted of 
alfalfa hay alone. The animals spent less time and made fewer chews 
in the mastication of the mixed ration in spite of the fact that they 
actually consumed more total feed. Just how much of this effect 
can be attributed to the factors mentioned is dilHcult to say, but it 
seems plausible at least to assume that they played some part in the 
change. 

The most important factor in the amount of rumination observed 
in the steers was the quantity of roughage in the ration. Wlien 
rations composed of corn, protein, and hay were fed the number of 
chews during rumination was approximately 60 percent fewer than 
when alfalfa was fed alone. This decrease occurred in sjute of the 
fact that the mixed rations contained more pounds of feed than were 
fed as alfalfa alone. The removal of all roughage from the ration 
reduced the amount of rumination to a minimum, w hich wuis approxi¬ 
mately 45 to 50 perc(‘n< of that occurring on tlu^ mixed ration and 
approximately 15 ])ercer\t of tliat on the rations of whole or cut hay. 
When the ration contained no roughage rumination was slow' and 
listless and had the appearance of be'ing done from an inherent im¬ 
pulse rather than from any desire or necessity. Xo ill elfects were 
noted on the general health or appetite of the animals when the ration 
consisted of corn and protein supplement for a period of 2 weeks. 

Cutting hay had no effect on the amoiuit of rumination. Since the 
comminution of the feed particles is usually considered a major object 
of rumination, it w'ould ap])ear that the differences in the particle size 
had been minimized by the differences in the amounts of mastication 
already noted on the ditferent hays. Anotheu* i)ossibility is the reduc¬ 
tion of the [)articles in tlie rumen due to such processes as maceration 
caused by the motility of the rumen walls, bacterial fermentation, or 
chemical reactions, which undoubtedly occur continuously. The 
feeding of ground hay resulted in a 40-])er<*ent reduction in rumina¬ 
tion. It appeared from observation that reinsalivation was the pre¬ 
dominant factor since the chewing was not vigorous and several boluses 
were regurgitated before deglutition occurred. 

Grinding shelled com had no apparent effect on the amount of 
rumination. 

SUMMARY AND CONCLUSIONS 

From the results obtained, it would appear that cutting hay for 
steers miglit conserve some metabolizable (Uiergy because of a reduc¬ 
tion in the energy required for mastication, but no economy was 
elfected because of a reduction in rumination. 

Ground hay required less wM>rk for both mastication and rumination. 

Xo economy of metabolizable energy was ai)parent from a decrease 
in rumination w’hen shelled corn was ground, and grinding actually 
increased the work required for mastication. 

An important factor in the amount of mastication and rumination 
required on the rations studied was the proportion of grain and 
roughage in the ration. 

Mastication recpiired from 1.4 to 11.0 percent and rumination 
required from 4.5 to 30.4 perctmt of the daily time, depending on the 
ration. 




RELATION OF WATER-SOAKED TISSUES TO INFECTION 
BY BACTERIUM ANGULATUM AND BACT. TABACUM 
AND OTHER ORGANISMS' 

By James Johnson 

Professor of horticulture^ University of Wisconsuiy and agenty Division of Tobacco 
and Plant Nutrition, Bureau of Plant Industry, (J7iHed ^^tates Department of 
Agriculture 

INTRODUCTION 

The epidemiology of certain leaf spot diseases of tobacco and other 
plants is still the subject of much speculation, even though distinct 
advances in the knowledge of the subject have been made in recent 
years, lilackfire or angular leaf spot of tobacco, caused by Bacterivm 
angulatum Fronune and Murray, is, for example, a widespread and 
often a serious disease of this crop. Nevertheless, artificial inoculation 
with this pathogen under ordinarily favorable conditions of environ¬ 
ment for infection with many parasites either fails to produce any 
symptoms, or, at most, produces only small incipient lesions not 
(‘omparalde to the severe necrosis which often develops under field 
conditions. Tliis situation remained obscure until recently, when 
it was shown by Clayton {Sy that the highly necrotic or ‘'epidemic/' 
form of wdldfire (Bad. tahacurn Wolf and Fostfir) and blackfire is 
(lependemt upori the tissues becoming water-soaked by rain followed by 
the infection of these areas by the pathogen. The water-soaking 
explanation of infection, as contrasted with the older conception of 
l('af wounding by rain as a predisposing factor, marked a distinct step 
in the^ understanding of certain diseases of tobacco, particularly the 
blackfire disease. The experimental method in the present investiga¬ 
tion differs from that used by Clayton in that water soaking was 
induced by internal rather than external wrater pressure. 

The demonstration of the relation of water-soaked tissues to 
infection by organisms and development of disease now presents new 
])r()blems on the nature of parasitism and of predisposition and 
susceptibility of plants to disease. In a practical sense, it also raises 
(juestions as to the reliance that can be placed on certaiii types of 
control measures such as sanitation and eradication. It wdll be shown 
in this paper, for example, that water soaking permits infection of 
normally immune plant species with various bacterial pathogens, 
and to some degree with bacteria wdiich are not normally pathogenic. 
Tlie determination of the host range of an organism, and even the 
definition of parasitism, may become difficult under such circumstances. 

METHODS AND MATERIALS 

"lT)e chief modification of method used in the present studies beyond 
tliosc commonly employed or previously described consisted essentially 
of w ater soaking the plant tissues by means of the application of a high 
w ater pressure to the root system or the cut stem end of plants. The 
principle involved was perhaps first used by De Bary, and has been 

* Received for publication May 24,1937; issued November 1937. Cooperative investigations of the Wis- 
('onsin Agricultural, Experiment Station and the Pivision of Tobacco and Plant Nutrition, Bureau of 
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frequently employed since in physiological investigations. The 
apparatus as used in this laboratoiy was briefly described in 1924 in 
connection with plant virus studies (6*). Tliis equipment consisted 
essentially of a brass container connection to the pipe line of an 
ordinary water supplv under pressure, together with the necessary 
valves and drain. I^liis container is fitted with a neck to hold a 
no. 4 rubber stopper, which is securely held in place by means of a 
packing box similar to tliat used around valve stems. Rubber stoppers 
with holes of different sizes were made to hold plant stems of different 
sizes. These stoppers may be split down one side, so as to slip readily 
around the stem of the plants. A split brass washer on the top of 
the stopper permits the packing-box nut to be screwed dowui sulRciently 
by haml without displacement of the stopper. The contact around 
the plant stem may be quickly and almost perfectly made in this 
manner and will stand 100 i)ounds of water pressure without leaks 
(fig. 1). . 

The soil was washed otF the roots before the root system w'as placed 
under pressure. If desired, the root system need not be used, the cut 
end of the stems only being placed under pressures Water soaking in 
some plants starts very quickly, and may cover 50 to 100 per(‘ent of the 
leaf area in 15 minutes. With other species or with individual plants 
30 to GO minutes of exposure may be recpjired to secure a limited 
amount of water soaking. After the plants were w ater-soaked to the 
desired degree, they were atomized with a water sus])en,sion of the 
organism to be tested, then removed from the apparatus and the roots 
or stem ends placed in a flask of water. The plants were then placed in 
a chamber with a moisture-saturated atmosphere, wdiere tlie water- 
soaked conditions (iould often be maintained for several days if desired. 
Evident symptoms usually developed after 18 to 48 hours in the moist 
chamber, but in cases of uncertain infection or none the plants wer(‘ 
left in the moist chamber for as long as 4 days. 

Tomatoes (Lycopersicum eMculevtum Mill.) were frequently used as 
the test plant for parasitism because of the ease with wdiich they w ere 
handled and w’ater-soaked, but tobacco was used regularly, particu¬ 
larly in connection with the symptom studies on the blackfire and w ild- 
fire organisms. Aside from species of Solanaceae, the other plants used 
w ere usually chosen at random from species available at the time in the 
greenhouse or garden. 

The organisms used in the experiments were secured from authori¬ 
tative sources, largely from workere actively engaged in studies of the 
organism in the Departments of Plant Pathology or Agricultural Bac¬ 
teriology at the luiiversity of Wisconsin.^ 

EXPERIMENTAL RESULTS 

The infection experiments have been conducted for the most part 
without any special consideration to tobacco (Nicotiana tabacum L.) as 
the typical host to Bacterium angulatum. It may be recalled that 
Bact, tabacum, the causal organism of wildfire, was reported as possess¬ 
ing a wdde host range {8) but that according to Clayton {2) only species 
of Nicotiana should be regarded as true hosts. Since the close relation¬ 
ship of Bad. tabacum and Bad. angulatum has come to h\ accepted 

^ Thanks are clue to several as.sociates for furnishing these culturc^s, and especially to A. Braun, who 
maintained suitable cultures of Bacterium angulatum and Bad. tabacum for these studies. W 
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Kkjuuk 1.--The equipment iwod for water soaking plant tissues by means of a high water pressure on the 
root system or out stems of plants. The packing-box nut holding the split rubber stopper is shown at 
the base of the stem. 
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(i, 9), and the relation of water soaking to infection has been estab¬ 
lished, the host range of one or both of these organisms will no doubt 
need reconsideration. If we should limit the true hosts to those only 
on which infection may be secured artificially by ordinary spraying 
inoculation, together with those which are found to be infected under 
natural conditions, wo should even then possibly need to consider the 
tnie hosts of Bact. angulatum and Bact, tahacum as extending beyond 
the genus Nicotiana, Manifestly, the influence of both the internal 
and external water relations of the host may be considered in host- 
range determinations. 

INFECTION WITH BACTERIUM ANGULATUM WITHOUT WATER SOAKING 

Some of the conditions aside from external environment which favor 
infection of tobacco wdth Bacterium angulatum have been frequently 
suggested, among these being the nutritional balance and height of 
topping of the crop (4), but these factors according to Clayton are 
not clearly separable from the modified susceptibility of the plants to 
water soaking (S). 

The writer’s experiments, first carried on with Nicotiana tahacum 
(var. Wisconsin Havana Seed) under greenhouse conditions and with¬ 
out water-soaked tissues, were often made unreliable because of tlie 
failure to secure infection in sufficient degree to form a satisfactory 
basis for interpretation of results. N. tahacum is relatively veiy resist¬ 
ant to Bacterium angulatum. as compared W'ith N. glutinosa L. (fig. 2). 
For example, a group of 46 inoculations to tobacco under a wide range 
of temperature (10° to 40° C.) and relative humidity (50 to 100 per¬ 
cent) conditions yielded only G plants definitely infected, whereas out 
of 54 N, glutinosa, plants under the same conditions, 51 wrere definitely 
infected. It is significant that distinct infections on N, glutinosa w^ere 
secured at both the temperature and humidity extremes, and that the 
atmospheric enviinnment following spray inoculation on the whole 
appeared to play but a minor role in the amount of infection which 
developed, rretreatment of N, tahacum for 12 hours or more in a 
humid atmosphere before inoculation was somewdiat more reliable and 
effective in favoring infection than w^as the treatment after inoculation. 

Kepeated spray inoculations in the greenhouse to both Nicotiana 
tahacum and N. glutinosa. on 27 soils (including soil from all tobacco¬ 
growing sections of the United States) differing widely in physical 
structure and chemical fertility yielded no results wdiich could be defi¬ 
nitely correlated with soil type, soil fertility, or rate and vigor of growi h 
of the host. In 10 trials performed at diA’erent times, however, it w as 
fairly evident that certain 2 or 3 individual soils regularly yielded 
plants considerably more susceptible to infection than did other soils, 
the reason for which could not be determined. Still other modifica¬ 
tions, such as inoculation by wiping Bacterium angulatum over the 
leaf surface with cheesecloth so as to break the trichomes, failed to 
yield good infection. The result of all experiments of this type in the 
absence of water soaking was the failure to secure at will the large 
angular or blotchy necrotic symptoms characteristic of heavy field 
infection on ordinary tobacco. How^ever, good infection of the small 
necrotic or incipient type may be fairly easily secured on nearly all 
species of Nicotiana (N. repanda is most resistant or immune) and on 
species of several other genera with Bact. angulatum in the absence of 
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water soaking. The following species in particular often yielded fair 
infection: Tomato (Lycopersicum esculentum ^^lill.), potato {Solanum 
tuberosum L.), pepper {Capsicum annuum L.) (fig. 3), jimsonweed 
{Datura stramonium L.), apple-of-Peni {Nicandra physaloides (L.), 
IVrs.), cucumber {Cucumis sativus L.), and pokewced {Phytolacca 
decandra L.). Other solanaceous species such as black nightshade 
(S. nigrum L.), eggplant {S, melongena 1j.), and physalis {Physalis 
puhescens L.) failed to yield even minute amounts of infection under 
the above experimental conditions. It is of some interest to note 





FKii RE 2. -L«*si()ns of Udcfcrium anqulatum on leaves (.4), stems (7?) and pods (C) of Nicotiana glutifiosat 
from sprayiiiK luoeuJatioii without >%ater soaking. This species is more susceptible than N. 
(nbacum, and was freiiuently used in the trials with ordinary inoculation methods. 

that the sterile hybrid of tahacum (resistant) XA^. glutinosa (sus- 
<*ej)tible) is distinctly intermediate in reaction to Hact, angulatum, 

INFECTION WITH BAtn^EIUUM TABACUM WITHOUT WATER SOAKING 

The accumulated experience and observation over a period of years 
indicates tliat Bacterium tahacum is a more virulent parasite than is 
Bad. angulatum , though admittedly comparative morphological, 
physiological, and serological studies of the two organisms indicate 
their close relationship (/). The toxin-producing ability of Bact. 
tabacum is, of course, a major difference, and Clayton (S) has come to 
the conclusion from his water-soaking experiments tliat this is the 
chief difference between the two organisms as far as infection and 
pathogenicity are concerned. 

Observations in the seedbed and in the field have led the winter to 
conclude that w ater soaking is by no means as essential for infection 
and severe expression of disease with Bacterium tabacum as with Bad. 
angulatum. Inoculation of tobacco in the greenhouse by mild spray- 
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ing has also regularly shown greater virulence in Bad, tabacum as 
measured by the number of infections wdiich develop and the size of 
the necrotic area. In seeking further ex])crimental proof of this differ¬ 
ence, tobacco leaves were inoculated by gently wiping bacterial sus¬ 
pensions from cultures over the leaf surface wdth cheesecloth, thus 
breaking the leaf hairs and perhaps occasionally the cuticle. When 
inoculations are made in this manner Bad. tabacum yields heavy in¬ 
fection both as regards number of infections and subsequent necrosis, 
w^hereas Bad. angulaium yields little or none. Since it might be 
argued that the wildfire toxin from the culture, and not the bacteriji, 
is responsible for the resultant symptoms, the bacteria w^ere centri¬ 
fuged out of the suspension in throe changes of water, thereby re¬ 
moving the toxin. Wiping inoculation with the bacteria alone, 
evidently free from perceptible amounts of toxin, yielded almost 
equally numerous though slower infections (fig. 4, ..1). On the other 
hand, when the bacteria wTre removed by heat (the toxin according to 
Clayton {2) being thermostable) and the same method of inoculation 
employed, there were no symptoms of disease. 

These results seem to indicate that, given a favoral)le external 
environment of reasonable duration, especially as regards moisture, 
Baderiuin tabacum is quite able to enter the cells through wounds, or 
to enter the stomata and produce lesions of considerable size; wdiereas 
Bact. angulatum may fail completely to infect under like conditions. 
Furthermore, this greater virulence does not seem necessarily to be 
connected with the toxin-producing property of Bact. tabacum. It is 
by no means contended, however, that w’ater soaking does not greatly 
facilitate infection and the rate of progress of Bad. tabacum in the 
tissues, resulting in extensive necrotic areas, though it seems ch'ar 
from later experiments that the toxin itself is not of any particular 
advantage in causing such necroses of the tissues. 

WATER SOAKINCi WITH ARTIFICIAL INTERNAL WATER PRESSURE 

The physiology of wuiter soaking of the intercellular spaces of ])lant 
tissues by water pressure is not sufficiently undersfood as ycd fo 
warrant extensive discussion. Some species wa(er-soak much morc^ 
readily than others, e. g., tomatoes much more readily than lobacccu 
(ireat differences in individual plants of one variety grown under like 
conditions may exist, and this difference seems to bear comparatively 
little relation to the vigor of the plant. A very stunted yellow and red 
slow-growing tomato, for example, may water-soak quite as easily 
as a larger, vigorous, rapidly growing plant. 

Tomatoes are the most convenient and most susceptible plants with 
which the writer has worked in infection trials on internally w ater- 
soaked tissues. For that reason they have invariably been used as 
control plants wdien other species were inoculated to verify both the 
pathogenicity of the culture used and the favorableness of the subse¬ 
quent environment under which the plants were placed. Control 
tomato plants not water-soaked but inoculated were also invariably 
used in each separate trial. 

The greatest interest in connection with Bactemnn angulaium 
naturally centers around ordinary tobacco as the host, (k)mpara- 
tively young plants wdth 8 to 10 leaves but with somewhat elongated 
intemodes (wliich may be induced by crowding of plants on the bench) 



Oct. 15, 1937 


Relation of Water-Soaked Tissues to Infection 


605 



Fiourk 3 ---Lesions of Bacterium angnlatum on ix'prier secured by ordinary inoculntion methods Many 
otlier slij?htly su.sceplible liosts outside the Nieolianas have been demonstrated by tJie same* method 



Fiourk 4 Inoculation of tobacco by the leaf-wlpinp method, using Bacterium tabacum centrifuged free 
from toxin (-4) and Bad angnlatum (B) The infective iHiwer of the former in the absence of water 
soaking is illustrated by the chlorotic areas resulting from numerous young infections. Spots on B are 
due to mechanical injury from wiping. 
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are most coiiveiiient for the equipment used. Twenty to forty 
minutes of water pressure w^as often required to water-soak 50 percent 
or more of the leaf area. The upper leaves usually water-soak more 
quickly than the older basal leaves, and the intercellular spaces nearest 
the midrib commonly fill first. However, the soaking is by no means 
uniform iln the tobacco leaves, and the result is usually a wide variety 
of angles and patterns of varying sizes scattered over the leaf surface, 
wliich when allowed to proceed to certain degrees often beam a marked 
resemblance to the shape and distribution of angular leaf spot disease 
as it often occurs under field conditions (lig. 5). 

If such water-soaked plants are taken out of the apparatus without 
inoculation and the roots or cut end of the stems placed in water at 
atjnospheric pressure, transpiration at the lower humidities will 
rapidly remove the excess water in the leaves, but in a saturated 
atmosphere the water-soaked condition may remain up to 48 hours or 
more. The uninoculated recovered plants, even though kept under 
water pressure for 12 hours, show no sign of any physical internal or 
external injury to the tissues. The freedojn from injury may be 
convincingly denionstrated by spraying w ater-soaked leaves of an Fi 
hybrid {Nwotiana tabacum X A^. glutinosa) with the virus of ordinary 
tobacco mosaic. If lesions of microscopic size are present, this host 
will develop marked necrotic lesions of virus infection. This absence 
of injury to the leaf surface by the internal water-pressure method has 
some advantages over the externally applied sprays from the point 
of view of illustrating the basic facts of infection. 

The plants were sprayed once or twice with a DeVilbiss atomizer 
while under pressure, then set into milk bottles or Erlennieyer flasks 
in water sufficient to cover the root system or stem end and placed in 
a saturated humidity chamber at about 25° C. Exposure in this 
chamber for as short a duration as 3 hours was suflicient to yield 
subsequent infection with some organisms on the tomato, but ordi¬ 
narily the plants were left in the chamber until they showed signs of 
infection, which incubation usually required from 24 to 72 hours. 

INFECTION WITH BACTEHIUM ANGULATUM IN WATER-SOAKED TISSUES 

When tobacco leaves water-soaked by internal pressure are inocu¬ 
lated with Bacterium anguhtum over the entire surface, the necrotic 
lesions resulting often correspond closely to the water-soaked areas, 
and are usually of the irregular and angular type, resembling natural 
field infection as it often occurs (fig. (>). The blackfire lesions on 
leaves that are w'ater-soaked by spraying the leaf surface (externally 
applied water pressure) more rarely show the sharply angular lesions, 
indicating the delimiting effect of the leaf veins on the lesion. No 
significance can as yet, however, be attached to this observation. 
Infections secured by the internal water-pressure method demonstrate 
in a convincing manner that the organisms enter through the stomata, 
in the absence of such cuticular w^ounding as may result from external 
sprays or storms. Clayton (5) suggests that the bacteria are shot 
directly into the stomata by the force of sprays or rain, and this is 
borne out in part by the fact that the careful dropping of water sus¬ 
pensions of the organism on the water-soaked area of the leaf is not as 
likely to yield infection as is light spraying. 
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FiauRE 5,—A tobac(;o leaf from a plant water-soaked by the water-pressure method. The angular and 
speckled character of the lighter colored water-soaked areas is shown. 
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Fiovre 6.—a leaf of tobacco sprayed with Bactertvvi avguiatum following water soaking b> the water 
pressure method. The necrotic spots correspond roughly to the water-soaked areas and resemble the 
’‘epidemic” type of blackflre. 
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Relation oj M'^ater-Soaked Tissues to Injection 

BaHeriiim angulaturn, liiHlinjj tlie water-filled stoinatal olianibors 
and inteiTollular spares suit.aV>le for j^rowili, iniiltijdics rapidly and 
s()()ii causes the cells to collapse, ilius forming large necrotic areas 
(fig. 7). This action of the bacteria results in the epidemic or field 



ri(.r III'. 7 - -Hcav> atcr soakinfi of tokacco foIUmed by .spraj iiig w iXhHacttrunn anqulatuvi anti continuetl 
duration of high luiniidity results in almost oomplete tollapst' of the leaxe^* 


type of symptom as contrasted with the small or incipient type of 
lesion secured from inoculations without prior water soaking. The 
incipient lesions may, however, also arise from the pathogen^s gauiing 
a foothold in a water-soaked area of very small size. However, as 
Clayton (S) points out, for such lesions to develop, the water soaking 
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must be of sufficient duration to permit the organism to gain a foot¬ 
hold. The writer has found considerable variation in the time required 
for infection to occur in different host species as well as in individual 
plants of the same variety. 

The greatly increased susceptibility of tobacco to Bacterium anpu- 
latum by the water-soaking method led the writer to try this organism 
on other hosts similarly treated. The results were most striking and 
unusual in many respects. The tomato plant, for example, proved 
much more susceptible than tobacco to tho blackfire organism, and 
the leaves often collapsed completely in 24 to 48 hours, along with parts 
of the leaf petioles and younger portions of the stem (figs. 8, 9). Other 



Fiouke S.~-Bacterium angulatmn on two wator-soaked tomatoes (-1, B), control plant (O "uter-soaked but 

not inoculated. 


solanaceous plants tried, such as potato, eggplant, and datura, were 
not so markedly susceptible. On the other hand, when still other 
plants selected at random were used, it became clear that infection 
with Bact, anguUiMwi by this method was not limited to genera or 
families but spread into a wide variety of unrelated families (figs. 

11 )- 

The following species in particular were strikingly infected, some 
almost as severely as the tomato: Rose {Rosa sp.), poinsettia {Euphor¬ 
bia pulcherrima Willd.), locust {Robinia pseudo-acacia L.), golden flax 
{Linumflamm), honeysuckle {Lonicera morrowi Gray), apple {Malus 
sylvestris Mill.), garden pea {Pisum sativum L.), marigold {Tagetes 
patula L.), geranium {Geranium sp.), hemp {Cannabis sativa L.), 
bean {Plmseolus vulgaris L,), ragweed {Amaranthus retrojlexus L.), 
English ivy {Uedera sp.), alfalfa {Medicago sativa L.), clover {Tri¬ 
folium pratense L.). Species on which infection was not secured with 
Bacterium angulatum included barley {Hordeum vulgare L.), corn 
{Zea mays L.), cabbage {Brassica oleracea L.), stock {Matthiola 
incana R. Br.), buckwheat {Fagopyrum esculentum Moench), snap¬ 
dragon {Antirrhinum maius L.), cactus {Zygocactus truncatus)^ lemon 
{Citrus sp.). Over one-half of the species selected at random from 
the garden and greenhouse were readily infected with Bact, angulatum 
when inoculations were made to water-soaked tissue. Inoculations 








Figure 9.—Typical lesions of Bacterium angutatum on older water-soaked tomato leaf, w huh has not wholly 

collapsed. 
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FhiURE lindenum nngulatum on water-souke<i leaves of apple A ureat variety of plants are 
equally suseoptiblo after VMiter .soiikinc 



Fiuure n.— Bacterium angulatum on leaves of honeysuckle (Lonicera morrowi) (B, C); control leaf (A) 

water-soaked but not inoculated. 
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oil leaves of these species when not water-soaked yielded no symptoms 
in this series of trials. 

INFECTION WITH BACTERIUM TABACJUM IN WATER-SOAKED TISSUES 

As is well known, the artificial inoculation of tobacco with Bacterium 
tahacum on tissues that are not water-soaked yields results which are 
distinct from those secured with Bact. angulatum. Under practically 
all expressions of the two diseases resulting from natural field infec¬ 
tion, it is also possible to recognize wildfire because at least some halos 
are invariably present, and the angular and freiiuently black lesions 
of blackfire are characteristic. However, symptoms on tobacco from 
the two organisms on tissues artificially water-soaked by the internal 
pressure method are much less distinct and it becomes more difficult 
and sometimes impossible to sejiarate them on the basis of symptoms. 

When tomatoes water-soaked by the internal-pressure method are 
inoculatc^d with Bacterium tabacym, the sym})toins are identical with 
those secured with Bact. anynlaiurn. The leaf tissue collapses, turns 
black, and no typical halos are produced, although should the leaf 
tissue fail to collapse, some general yellowing of the water-soaked 
ai-ea may Ix' visible. Presumably the cells are killed before the toxin 
has sufficient time to form and act on the surrounding tissue, and the 
host or conditions are not sufficiently favorable to support the con¬ 
tinued development of the organism and its toxin at the margins of 
the infected area. The advantage, if any, that the toxin furnishes to 
the parasitism of Bact. tahacum appears to be entirely absent in 
\u»ter-soake<l tissues. The only difierence that the writer has noted 
between the two organisms on tomato is the greater virulence of 
Bact. tahacum as indicated by the shorter duration of the water soaking 
re(|uired for the necTotic action to take place. Attenuated (1) strains 
of wildfire showing no toxin production are quite as virulent as are the 
normal strains. 

Inoculations with Bacterium tahacum were made on water-soaked 
h‘aves of tlie same species used in the Bact. auguJaium infection trials 
(h»scrihed abovi*. Results almost hlentical in symptom ex])ression 
with those found in tiu' Bact. angulatuui tests were S(‘cured in all 
instanc<'s, suggesting again the great similarity and close relationship 
of these two organisms. 

INFEI^TION WITH OTHER ORGANISMS IN WATER-SOAKED TISSUES 

The results with the blackfire and wildfire bacteria on water-soaked 
tissues can hardly be subject to sound interpretation without giving 
some consideration to the behavior of other ])lant parasites, or even 
saprophytes, under similar circumstances. The field of investigation 
at once becomes too extensive to be adequately surveyed in a pre¬ 
liminary paper, but a limited number of trials has showm that Bac¬ 
terium angulatum and Bact. tahacum are not entirely unique in the 
a bove-dcscribed respects. 

The results with some of the other organisms used have not been so 
uniformly consistent as those with Bacterium tahacum and Bact. 
angulatum^ perhaps for the reason that the tomato is not a favorable 
host plant. Some probability of contamination of inoculated test 
plants by other organisms, wdiere the same incubation chamber is 
used simultaneously for different organisms, has also been encoun- 
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l^iGURE 12—A water-soaked tornato leaf inoculated with JHacterium phaneolL The symptoms closely 
resemble those secured with Bad angulatum and Bad. tabacum, but the progress of necrosis is much 
slower. 




Oct. 16, 1937 Relation of Water-Soaked Tissues to Infection 


615 


tered. Water-soaked uninoculated controls under these conditions 
have, however, invariably been free from symptoms. Fifteen other 
bacteria and two fungi have been tested, mostly in a limited way, 
especially on water-soaked tomatoes. Ei^ht out of nine trials with 
Bact, phaseoli Smith on tomatoes gave definite and distinctive symp¬ 
toms. The symptoms were somewhat less severe and slower in 
developing, but were much like those secured with Bact. angulatum 
or Bact. tahacum (fig. 12). Infection was also secured with Bact, 
phaseoli on potato, hemp, alfalfa, and marigold, but not on tobacco. 
Bacillus carotovorus Jones collapsed water-soaked tomatoes rapidly 
with symptoms readily distinguishable from those previously noted. 
Bact, tumefaciens Smith and Townsend, Bact, punctulans Bryan, and 
Aplanobacter insidiosum McC. yielded only small areas of blackened 



I'K.iRE 13 Macrosponuin solani on wator-Mukoil loriiatoleaf (.1) ainl <»n h'nf w ithont watci soaking (Ji) 


lesions of some uncertain character; Bact. stewaiii Smith failed to give 
any signs of inh^ction on tomato in three trials. 

Infection experiments with fungus ])arasites on water-soaked 
tissues have been very limited thus far. Infection with Macrosporium 
solani Ell. and Mart, and Septoria hjeopersici vSpeg, on tomato was 
favored by water soaking before inoculation (fig. 18). The latter 
fungus also evidently attacked potato readily under these conditions. 
Less conclusive but more surprising were the results sometimes secured 
with common bacterial organisms not belonging in the category of 
plant parasites. Bacilkus coli^ (Escherich) Migula, Pseudomonas 
fluorescens (Miigge) Migula, B, radiobactar Berij, and Van Deld., 
B, ruber balticus L. and N., B, aerogenes Kruse, and Proteus vulgaris 
Hauser produced mild necrotic areas on water-soaked tomatoes 

* B, coli has previously been reported as attacking plant lissuo. See reforonccs in Elliott, Charlotte. 
Manual of Bacterial plant parasites. Williams and Wilkins Co., 1930 
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(lig. 14). Other organisms, including B. prodigiosus (Ehreii.) Fliigge, 
B, suhtilis (Ehren.) Cohn, and Staphylococcus aureus Rosenbach, 
failed to produce any symptoms on tomato under similar conditions. 
In the above group of saprophytes particularly the writer is not pre¬ 
pared to state that true infection was definitely secured, and it should 



FiOVRE 14.—Slow and pcwrly (l»*veloiM*d nocrosis on waU'r-suiiked tomato loaves result ins fiom inoeulatiou 
with Bactllm ruber balltrus (.4) and Ji ncrogcnes {Ji). 


be noted here that in no single case in tliese preliminary trials hav(‘ 
Koch’s postulates been carried to completion. 

DISCUSSION OF RESULTS 

It is apparent from the results presented that the infection secured 
with Bacterium angulaium on water-soaked tissues of normally im¬ 
mune species cannot be regarded as a form of saprophytism. The 
species evidently must be susceptible to attack by certain organisms, 
since many other species and organisms fail to respond in a similar 
manner to w^ater soaking. 
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Since large numbers of organisms have been uniformly applied over 
the water-soaked areas, we know as yet comparatively little about 
the rate and distance of the development of the organism through the 
tissues. It is most likely that the progress from any one point of 
infection is comparatively localized, and it is obvious that the progress 
of the organism is limited by the area and the dmation of the water 
soaking. The evidence taken altogether therefore goes to show that 
Bacterium angvlatum is a comparatively weak parasite, and, as 
pointed out earlier by the writer (5), the significance of water soaking 
to infection is likely to be greatest with the less virulent parasites or 
the relatively more resistant hosts. It is perhaps of little consequence 
where the boundaries of the parasitism of organisms or the lines of 
immunity of the hosts are theoretically drawn. This subject resolves 
itself eventually into a matter of definition. It is significant, how¬ 
ever, that those preliminary experiments suggest that a wide variety 
of normally immune host species may under some circumstances be 
temporary hosts in nature to Bax^t. angulatumj Bact. tabacum, and 
other organisms, thereby harboring them in such a manner that even 
the most thorough measures of sanitation and eradication of other 
known sources of infection may not suffice. Although there is reason 
to believe that the bacteria in ([uestion may persist in such host tissue 
in a dormant condition for a considerable time (7), the proof of this 
relati(»n remains to be established. It is also possible that many of 
our so-called mniparasitic leaf spots in nature niay be caused by 
organisms capable of infecting only water-soaked tissue. Isolates from 
such diseased tissue would naturally fail to give infection upon 
reinoculation by ordinary methods, and thus lead to erroneous con¬ 
clusions, as suggested by Clayton (d) for the so-called nonparasitic 
blackfire described by Valleau (/O). 

It is believed that the experimental method of internal water soaking, 
as described, along with the external method of water soaking as 
used by (.'layton may have a wide application in furthering the 
present understanding of infection and progress of disease in plants. 
It is not unlikely that in nature a combination of both external and 
internal water pressure plays a x*ole in predisposition to disease. It 
follows that more careful observations of water soaking as it occurs in 
nature, both as a result of beating rain (S) and root pressure (5), 
should be more generally made in relation to the epidemiology of 
plant diseases. 

SUMMARY 

The inter<*ellular spaces of tobacco and other plant species were 
water-soaked by applying water pressure to the root system or cut 
stems, after which they were inoculated wdth Bacterium angul^itum 
and other organisms. 

Tobacco is normall}^ very resistant to infection with Bacterium 
anguhtvm, but when tissues are water soaked, either by external or 
internal application of water pressure, and this condition is of sufli- 
cient duration, the tissues become very susceptible to the organism. 
No other set of environmental conditions for infection brought about 
the severe or *‘epidemic’’ type of this disease. 

It is showm that this situation is not peculiar to tobacco or to 
Bacterium anguUiium and Bact. tabacum, A wide variety of plant 
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species becomes equally susceptible to attack by these same or¬ 
ganisms when the tissues are water-soaked. Excellent necrosis was 
secured on sucli plants as tomato, alfalfa, bean, pea, hemp, rose, 
apple, locust, flax, marigold, and poinsettia. These plants are nor¬ 
mally immune to infection with these organisms. Other plant 
species tried were immune in the water-soaked condition. 

Other plant parasites, such as Bacterium phaseoli, not normally 
capable of aflecting tomato, for example, are capable of causing 
necrosis when inoculated into water-soaked tissues of this plant. 
A small amount of necrotic action w'as also secured (Ui water-soaked 
tomatoes sprayed with such saprophytic species as Bacillus coli. 

So far as can be determined, water soaking by the internal water- 
pressure method does not womid or injure the tissues, showing 
rather conclusively that the bacteria enter through the stomata, and 
that cuticular or epidermal w^ounding caused by rainstorms is not a 
fundamentally necessary condition for heavy field infection with 
Bacterium angulatum and Bact. tahacum as was previously supposed. 

Modifications in the present conceptioji of parasitism and immunity 
as regards definition of the terms are suggested by the results secured 
with water-soaked tissues. It is also likely that the results may have 
some practical bearing upon our present understanding of the sources 
of overwintering of certain plant parasites, and hence may modify 
the present theories of applying sanitary and eradication measures 
of disease control. 
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EFFECT OF SPECIES OF HOST PLANT ON NITROGEN 
FIXATION IN MELILOTUS* 

By P. W. Wilson, assistant 'professor of agricultural bacteriology j J. C. Burton, 

research assistant j and V. S. Bond, research assistant, Wisconsin Agricultural 

Experiment Station 

INTRODUCTION 

Early investigators of symbiotic nitrogen fixation believed that if the 
organisms invaded the plant and formed nodules there would be ade¬ 
quate fixation of elemental nitrogen, but later work showed this concept 
to be partly in error. Experiments in the controlled environment of 
the greenhouse and in the field yielded conclusive evidence that differ¬ 
ent strains of the bacteria benefit the host plant in varying degrees. 
By '‘strain^^ is meant any pure culture of the root nodule bacteria. 
In the course of many investigations there was observed a certain 
relation of bacteria and plant which is called host plant specificity. 
For example, an organism from vetch may be more beneficial to this 
jilant than an organism from pea, although both strains will form 
nodules on the vetch. Here two genera are concerned, but in certain 
genera, notably in Soja, species and even varietal differences of response 
to invasion by a given strain of the proper species of bacteria have been 
reported. As the older work on strain variation and host plant speci¬ 
ficity has been discussed by Fred et al. (4)) '^ and by Allen and Baldwin 
(/), only a few of the more recent investigations w^ill be reviewed. 

Bjalfve {'£) found differential varietal response among the vetches 
as to number and position of the nodules and quantity of nitrogen 
fixed, Virtanen iS) states that the most suitable strain of organism 
for one variety of ])eas is likew ise the best for other vaiieties. He used 
only tw'o strains of the p(‘a organism; hence his observation may be 
true only for these two strains. 

Examination of the literature reveals that most of the knowledge 
concerned with host-plant specificity has resulted from incidental 
observations in exjierinients made primarily to study strain variation 
among the bacteria. Few' experiments are recorded in which the 
ol)je.ct has been to investigate specifically the possitile role of the host 
in conditioning this variation in the organism. Because of the obvious 
importance and need of such studies, experiments have been conducted 
at this station for the jiast II years concerned with the sjiecific problem 
of the influence of the host plant in the symbiosis. In this report are 
given the results of nitrogen-fixation tests on different .species of 
Melilotvi^ when inoculated with pure-culture strains of Rhizohium 
meliloti. 

EXPERIMENTAL TECHNIQUE 

Ten plants of different species of sweetclover were grown in half¬ 
gallon earthenware jars containing 2 kg of nitrogen-poor pit sand into 
which was inserted a watering tube. The methods for sterilization 
of seed and sand are given in previous publications (5, 10). The plants 
were watered as needed with sterile, distilled water and once a w*eek 

» Re(*«ive<1 for imbhoation May 3, 1937; issued November, 1937 Herman Frascb Foundation m Agri¬ 
cultural Chemistry, Taper no, 138. Contribution from the neparlments of Agricultural Bacteriology and 
Agricultural Chemistry, University of Wisconsin. Technical assistance on this problem was supplied in 
part by workers employed in the University's W’orks Progress Admmi.stration Natural Science Project. 

> Reference is made by numlier (italic) to Literature Cited, p 629. 
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with sterile, nitrogen-free Crone’s solution (4). In order to prevent 
contamination with foreign strains of the organism, the plants were 
protected by special chambers. These were made by covering a light 
wooden framework with a transparent rubber product called 'T^liofilin/’ 
All jars inoculated with the same strain of bacteria were placed under 
the same chamber on low wooden trays mounted on rollers. The 
top of the chamber was hinged to facilitate the addition of water or 
nutrient solution. The efficacy of the method was demonstrated 
by the fact that uninoculated controls were thus kept free from nodules, 
although similar uncovered controls almost invanably became inocu¬ 
lated with stray organisms from the air. The trays bearing the jars 
were moved daily on the greenhouse bench so that variation arising 
from position in the greenhouse would be largely eliminated. When 
the growth of any of the plants was hindered by the light chamber, 
all were removed and the sand of each pot was covered with a thin 
layer of sterile cork. The cultures wore usually 6 to 8 weeks under the 
light chambers and 2 to 3 weeks in the open air. At harvest the plants 
were washed free of sand and dry weight and total nitrogen determina¬ 
tions were made. 

The species ^ of Melilotus used in these experiments were: 

Meliloius alba (Hubam).—-An annual-flowering white sweet clover (commercial 
seed). 

Melilotus alba (32-19) —A tall late~flc»wering biennial from a single plant. 

Melilotus suaveolens (F. P. I. 40937).—Redfield Yellow, a biennial developed at 
South Dakota. 

Melilotus officinalis (Y~ 32-45).—Common yellow swcetclover. Biennial grown 
at this station for 20 years. 

Melilotus officinalis (Y-33-33).—A fine-stemmed selection of yellow' swcetclover 

Melilotus defitata (33-49).—Selection of nonbitter sw^eetclover from a single 
plant. Original seed was an annual from Peiping, China. 

Melilotus dentata (Ac 91-92).—Selection from single plant grown in Wisconsin. 
Original seed collected in vicinity of Saratov, Unitm of Soviet Socialist Republics. 
Biennial. 

Melilotus dentata (Ac 92-27).—Selection from single plant grown in Wisconsin. 
Original seed collected in West Siberia, Union of Soviet Socialist Republics. Biennial. 

Melilotus dentata (Ac 90- 2).—Selection from single plant grown in Wisconsin. 
Original seed from Busk, Poland. 

The strains of Rhizohium meliloti used for artificiul inoculation of the 
plants were: 

No. 100—isolated in 1912 from Farmogerin alfalfa culture, a commercial inocu- 
lant. 

No. 101—isolated in 1915 from United States Department of Agriculture alfalfa 
culture. 

No. 105—isolated from nodule of alfalfa plant at Wisconsin, 1910. 

No. 107—isolated from alfalfa culture of H. K. Mulford Co. in 1919. 

No. 110—sweetclover cultures obtained from Illinois (Hansen). 

No. Ill—sweetclover culture from University of Illinois. 

No. 113--isolated from sw^eetclover plant, University of Wisconsin, 1922. 

No. 115—isolated from sweetclover plant, University of Wisconsin, 1922. 

No. 128—isolated from nodule of bur-clover at Wisconsin in 1928. 

No. 129—^like 128 but separable by difference in electrophoretic property. 

Since isolation the bacteria strains have been cultivated on artificial 
agar media (4), transferred montlily, and stored in an ice box. 

EXPERIMENTAL DATA 

Experiment 1 (Oct. 15, 1934, to Jan, 4, 1935) was a preliminary 
experiment in w'hich 10 strains of the organism were used for inocula- 
tion of 3 s pecies (2 varieties of 2 of the species) of MelUotus. The 

» The authors express their appreciation to Prof. H. A. Brink, of the Department of Genetics, for the seed 
used <n thes*i ex|ieriraents. 
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greenhouse was not provided with artificial illumination, and the 
plants were not protected with the light chambers. The experiment 
was started on October 15, 1934, and growth was satisfactory for the 
first 6 weeks. During the latter part of the experiment the develop¬ 
ment of the plants was very poor because of insufficient illumination. 
After 81 days harvest was made; the plants (triplicate jars) of each 
species (or variety) inoculated with the same same strain of bacteria 
were combined for analysis. The data are summarized in table 1. 

Table 1. —Growth and nitrogen fixation by different speciee and strains of Melilotta 
in association with various strains of Khizooium Meliloii in experiments 1 to S 


EXPERIMENT I’ 
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1 02 

2 
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1 02 
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- 

47 
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85 
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95 
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.62 
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.83 
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45 
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98 
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30.5 
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.91 

32 8 



90 
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IKL. 

89 

29 1 

62 

24 0 

58 
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.78 

27 6 



72 

26 4 
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98 

26 H 

1 (K) 

40 7 

1 32 

48 9 

1 45 

.50 0 
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1 35 

47.5 

213.9 

113. .. . 

90 

29 8 

95 

37 6 

95 

31 2 

.80 

31 7 
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EXPERIMENT 2« 
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1 2 41 
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8.3.6 

389 3 

105 . 
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82 
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;i. 27 

80.3 

2. 43 

6.5 0 
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' 
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3.54 
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2.88 
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3 76 
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EXPERIMENT 3S 
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/ 0.64 

15, 4 


i 
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i ... 
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17.7 
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20.4 j 
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15 I i 
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7 .84 

18.7 



35 

0 4 



.79 

17.6 

1 

23 r 

}l23. 6 





29 

4.4 


- 

.41 

11.8 

.90 

24,6 

Average j 

1 - 

16.2 1 



- 

6.9 




14.7 


24.0 ; 


Total. 

i " " ’ 

1_' 

149.0 

1 ^ 


-- - 

137 8 


— 

-- 

163 6 


1,53 0 



> Dry weights t>er 10 plants; each datum based on analysis of 25 to 30 plants. 

* Dry weights per 10 plants; each datum based on analysis of 30 plants. 

* Dry weight per 10 plants; each datum based on analysis of 10 plants. Underli ned values**mean of du* 
plicates. Differences necessary for signiflcance: Between means, 4.32 mg: between totals of strains, 17.3 mg 
Difference.^ between totals of species not significant (see table 4). 
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On the l)asis of the results obtained in the preliminary experiment 
five strains of the organism were shosen for further study. These 
were used for inoculation of plants of four s])ecies. The test was 
carried on from April 2 to June 23, 1935 in a greenhouse especially 
designed for control of environment in nitrogen-fixation studies (10), 
and the light chambers were introduced to prevent contamination. 
Growth and fixation of nitrogen were most satisfactory, as can be 
seen from the data in table 1 (experiment 2). 

Experiment 3 (Sept. 30 to Dec. 15, 1935) was a replicate of experi¬ 
ment 2 except that only one variety of Afelilotus alba was included. 
The work was done in rainy, cloudy weather, and in spite of artificial 
illumination the growth of the plants and the fixation of nitrogen were 
poor. However, this poor development was not entirely undesirable 
since the experiment was made in order to rletermine whether season 
and conse(piently development of plants affected the relationships 
between the host and invading bacteria.* The data, are given in 
table 11. The data in the total columns are discussed in connection 
with the statistical analysis. 

The data of experiment 1 show two types of variation in p-owth 
and fixation of nitrogen by Afelilotvs when inoculated with different 
strains of Rhizohnim meliloti. With a given species of the host plant 
the benefit derived, as measured by the c|uantity of nitrogen fixed, 
varied with the strain of bacteria used. For example, with Af, ojji~ 
c/inalis, strains 105 and 110 were definitely poor; strains 107, 111, and 
• 115 were superior; the remainder were intermediate. With Af. sua- 
veolens strains 101 and 105 were poor and 100, 111, and 12.S were 
distinctly p>od. This type of variation is the usual one noted by 
numerous investigators (7, J). 

There are, however, also differences iji nitrogen fixation of the 
several species of the host plant when inoculate<l with certain strains 
of the organism. For example, Aleliloim suareolevs fixed less nitrogen 
in association with Rhizobium 7nelilot! 101 and Rh. trielUotl 105 than 
did any of the other species. These diflVrences did not arise from 
variation in the gi*owth habits of the various si)ecies of j)laiit sin(*e 
with certain strains of bacteria (e. g., strains 100 and 110) no signif¬ 
icant difference in the quantity of nitrogen fixed was found among 
the several species. 

Confirmation of the existence of species variation with respect to 
fixation of nitrogen in Aielilotvs is obtained from the results of experi¬ 
ment 2 (table 1). This experiment w^as made under conditions ideal 
for fixation of nitrogen. The results slnw that with il/. alba and AI. 
officmalisj all the strains employed wwe apparently of equal benefit, 
but with Af. deniata fixation was only fair with strain 128 and dis¬ 
tinctly poor with strain 105. As noted in experiment 1, fixation by 
AI. suaveoleps in association with strain 105 was likewise very much 
less than with the other strains. 

It is of interest to compare the results of cx})eriment 2 with those of 
experiment 3 (table 1), made under environmental conditions that 
restricted fixation of nitrogen. In experiment 3 the analysis of the 
duplicate cultures was kept separate since, in contrast to the first two 
experiments, certain of the strains gave erratic reponses, a result that 

< KeiD, J J. the infective ability of IllIIZOBIA OF THE SOYBE.\N, COWPEA, AND I.I’PIN CK088-INOCI I A- 
TION GROUPS. Unpublished thesis, Ph 1)., r^niv. 1936. 
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has been observed by other investigators. Thus Wilson, Hopkins, 
and Fred {11) report that alfalfa plants inoculated with Rhizohium 
ineliloti 101 and grown under cotton plugs (which also restricts uptake 
of elemental nitrogen) were benefited by the presence of this strain of 
the organism in only 7 of the 20 replicate cultures. Lohnis {6) reports 
a similar experience with crimson clover grown in open sand cultures 
when inoculated with Bh. frifolii 205. In general, the results of ex¬ 
periment 3 confirm those of the previous experiments in that both 
strain variation among the organisms and species variation among 
the host plants with regard to nitrogen fixation are apparent. 

Further investigations of species variation in Meldotm were under¬ 
taken with those species that had exhibited the widest variation in 
the first three experiments. No more seed of M. denUita (33-49) was 
to be had, but seeds of three other strains of this species became 
available. These were tc'sted with M. alba (32-19) and M. snaveolem 
in a preliminary experiment with Rhlzohivrn rneUloti strains 100, 105, 
and 128 as the source of inoculum. The average nitrogen fixed per 
10 plants is shown in table 2. 

Tablk 2. —Nitrogen fixation bg different species and strains of Meldotus in associo’- 
tion leith S different strains of Rhizohinm mehloti in a prehnunary experiment ^ 

nu'lUoti , Rh mehlittt | Rh mrlilol 

.■>IHues or striuii , i ]2R 


\t niha (32 19;. 

Mit!igrttm» 

Milligram's 

MiHigrame 

IHO. 3 

Ill 0 : 

147. 5 

M fniavfdlnm . 

121.0 

11 0 

129. 0 

M dentata (91-12' 

149 0 

9.'> 9 

131.0 

M dentata (92 27) 

131 0 ' 

35 H ' 

142 4 

\/ dentata (9<’.- 2) 

111 ' 

142 0 ' 

13K 2 

J Fej 19 plants 

■ -- -- — — --- - 

— 

- — — 


Th(» results of tins (»xporiment were very similar to those alr(‘ady 
discussed, with oiu' exception. Of the three strains of the biennial 
Meliloiufi dentata' used, only one, M. detifata (92-27), respondenl to 
inoculation with Rhizohium meliloti 105 as did the nnmuil, M. dentata 
(33-49). Fixation of nitrogen was fair to good with J/. dentata 
(91 12) and was good with d/. dentata (9()-2). This result indicates 
that the importance of the host plant in nitrogen fixation by J^Ielilotus 
is not (‘ontined to species dilferences but may likewise include varietal 
(or strain) dilferences. 

In order to examine this problem further two additional experiments 
(nos. 4 and 5) were made. The results of these experiments are given 
in table 3. Only the nitrogen fixation data are included since thest^ 
are the essential ones and the ilry-weight figures were consistent with 
these. 

The results of the two experiments confirm in every way those of tlu' 
previous ones; viz, the existence of three types of response in the 
association of Rhizohium. meliloti and MeUlotus, 

(1) With Rh. meliloti 100 and 110 fixation of nitrogen by all the 
species of host jdants was good to excellent with little evidence of 
consistent significant differences among the several species. The 
results were consistent in that agreement between duplicate samples 
was satisfactory. 
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(2) With Kh, meliloti 105 evidences of the effect of the host plant 
were quite pronounced. Fixation of nitrogen in association with 
M, alba (32-“19) and M. dentaia (91-12) was fair to good, but fixation 
with both M. suaveolens and M. dentaia (92-27) was poor. The 
response was quite definite and the agreement between duplicates was 
satisfactory. 

In experiment 4 (Oct. 23, 1936, to Feb. 2, 1937) three species of 
Melilotus were inoculated with the same five strains of organisms 
which were used in the earlier experiments. M. Alba (32-19) was 
used as representative of the M. alba species since it had shown more 
indication of variable behavior with the organisms used than had the 
Hubam variety. Likewise, the two strains of M. dentaia which had 
shown the greatest contrast in the preliminary experiment were, 
selected for further study. The experiment was made during the 
winter months, and in spite of the use of supplemental lighting, fixa¬ 
tion of nitrogen was only fair even with the best of the associations. 

In experiment 5 (Feb. 16 to May 21, 1937) only Rhizobium rneliloti 
105, 115, and 128 were used, as the results in the previous experiinents 
indicated that there existed little, if any, consistent dilferences in the 
response of the species of host plant under investigation when inocu¬ 
lated with strains 100 and 110. The experiment was started in the 
late winter and the initial growth of the plants was slow. Later in 
the spring months growth was excellent and fixation was the greatest 
obtained in any of the experiments, due in part to the longer period 
.of growth allowed the plants. 

Table 3 .—Nitrogen fixation, hy different species and strains oj mehlotus in association 
with various strains of rhizohiinn nichloti in ex pen merits /f and a * 
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» Alt values in millipraius per 10 i)lants. DifTcrentJes necessary for sinniflcance; EKf)eriineut 4, between 
means, 4.33 mg.; between Uitals of strains, 17.3 mg ; between totals of siiecies, 19.3 mg. Exjionment 5 be¬ 
tween means, 48.7 mg.; between totals of strains, m 8 mg : between totals of siiedes, 108.7 mg 
2 Mean of duplicates. 
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(3) In association with strains 115 and 128 certain species exhibited 
another type of variation with respect to fixation of nitrogen. All 
the species fixed appreciable quantities of nitrogen with these two 
strains, but in association with M, suamolens and M. dentata (92-27) 
the response was inclined to be erratic, with the result that agreement 
between the duplicates was poor. This type of response was discussed 
in connection with experiment 3, and its possible significance will be 
taken up later. The time element in the development of the differ¬ 
ences between duplicates in experiment 5 is of interest. In the early 
stages of growth both cultures of a given treatment developed slowly 
with little sign of difference between them. As the days became longer 
and brighter one of the cultures would respond to the environmental 
conditions more favorable for the fixation of nitrogen sooner than its 
duplicate, with the result that differences in fixation of nitrogen soon 
be(*ame apparent between the two. Later both cultures would 
actively fix nitrogen, but the one in which the onset of fixation was 
delayed could not overcome the initial advantage of the other so that 
the agreement between the duplicates was poor. It should be 
observed that this difference between duplicate cultures in the onset 
of the fixation process appeared to be definitely associated wdth only 
certain species wdien inooulated wdth certain strains of the organism. 

The conclusions reached by inspection of the data w^ere confirmed 
by subjecting them to an analysis of variance (S). Such an analysis 
allow^s separation of the different sources of variation in the results 
and enables the establishment of the significance of variation arising 
from differential response of species of host plant with strain of 
bacteria. Analyses of variance (table 4) w^re made on the data from 
experiments 3, 4, and 5 as in these experiments the duplicates were 
not combined. The values necessary for significant (19:1 odds) 
differences between the means of tlie duplicate samples of each 
experiment (calculated from the error of the experiment) as well as 
for total nitrogen fixed by the various strains of bacteria or by the 
various species ot host plant are indicated in the footnotes to tables 
1 and 3. 


Tablf 4.— Summary of analyses of variance on experiments S, o 
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* If F exceeds value for 5*ix?rcent point (indicateil by -f), the odds are at least I9;l that ob.stTveil differ¬ 
ences do not arise from chance (experimental error). .Similarly, if F exceetls l-percert point (indicated by 
■f+) odds are 991. Minus indicates differences could have arisen from chance. 


The source of variation of chief interest is the interaction of species 
and strain (species X strain), for if this is significant the fixation of 
nitrogen by a given strain of the organism in association with the 
host plant is not independent of the species of the host. The analyses 
show that, in spite of considerable experimental error introduced by 
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reason of the difference in duplicate samples that has been already 
discussed, the variation due to interaction of strain and species is 
highly significant in each of the experiments. 

Likewise, in the three experiments for which analyses of variance 
are reported (table 4) there are significant differences due to strain. 
Consideration of table 1 ((>!xperiment 3) and table 3 indicates that 
this difference arises primarily because strain 105 is distinctly inferior 
to the others when the results on all the species are combined. It is 
to be emphasized that this does not mean that strain 105 is inferior 
on all the specdes when considered individually as with certain of 
them; e. g., on Melilotus alba (32-19) and M. dentata (91-12) strain 
105 usually fixed as much nitrogen as did the other strains. Because 
of the consistently poor fixation by strain 105 in association with Ai. 
suaveolens and M. dentata (33-49) and (92-27), however, the total 
fixed by strain 105 is significantly lower than the totals fixed by the 
other strains used. 

Similarly, the significance of the species variation arises from dis¬ 
tinctly lower totals for Afelilotus smi^eolens and il/. dentata (92-27), 
lower totals which originate primarily from the poor fixation when 
inoculated with strain 105. With other strains of the bacteria, e. g.. 
strain 100, the quantity of nitrogen fixed by either of these two 
species is not significantly different Irom the nitrogen fixed by the 
other species of host plant. 

DISCUSSION 

From the results of the foregoing experiments it is concluded that 
the interaction of bacteria and host ])lant in symbiotic nitiogen fixa¬ 
tion by Alelilotus may be separated into three distinct types of response' 
with respect to nitrogen fixation. 

(1) The association of all the species tested with certain of the' 
organisms is consistently of equal elfectiveness. The best examples 
of this typo are Rhizobiurn meliloti 100 and 110 in association with 
the species uneler investigation. Probably other strains of the liac- 
teria tested only in experiment 1 would also fall in this class with 
these particular species of host plant. It should be noted, however, 
that other species (or even varieties) of Melilotus may be found in 
which the association with strains 100 or 110 would be ineffective. 

(2) A second type of association is that in which the species of host 
determines whether or not the strain of bacteria is effective. For 
example, Rh, meliloti 105 is effective in association with Af. alba, 
M. officinalis, and Af. dentata (91-12) but rather ineffective with il/. 
dentata (33-49) and (92-27) and with Af. suaveolens. This type is like¬ 
wise consistent; i. c., the response of a given spe(*ies to inoculation 
with the strain is relatively independent of the environmental condi¬ 
tions under which the (experiment is made. 

(3) In the third type of association observed in these experiments 
certain of the host ])lants and strains exhibited a variable response' 
which appeared to be related to the environmental conditions under 
which the experiment was made, especially length of day and inten¬ 
sity of light. The most consistent examples of this type was the 
association of Rh. meliloti 115 and 128 with M. suaveolensj M. dentata 
(33-49) and (92-27). It is of interest that these species of host 
plant are the ones which are ineffective in association with Rh. meliloti 
105. 
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In many cases tlie variation is apparent between replicates in the 
same experiment. The cause of this irregularity is even more obscure 
than the cause of the differences in effectiveness between individual 
strains, but it is doubtless a reflection of a fundamental change in the 
delicate equilibrium existing between host and invader which deter¬ 
mines whether the relationship becomes helpful or harmful to the 
plant. In view of the importnee of the carbohydrate-nitrogen 
relationship of the liost in influencing both effectiveness and ineffec¬ 
tiveness (9)y it appears that this relationship may be concerned in the 
inconsistencies noted with certain strains and species. This sugges¬ 
tion receives support from the fact that irregularities are more fre- 

a uently observed when the experiments are carried out under con- 
itions which favor a narrow carbohydrate-nitrogen balance in the, 
plant and which consequently restrict fixation of elemental nitrogen 
at least during the early stage of development. It is further suggested 
tliat the inconsistencies in the quantity of nitrogen fixed through 
certain associations of host plant and bacteria may arise from differ¬ 
ences in time of infection by the bacteria rather than irregularities in 
the effectiveness of the association. Unpublished results by Reid^ 
have indicateil the importance of the carbohydrate-nitrogen relation 
in determining whether or not a given strain of the bacteria will 
infeed certain of tlie host plants of the soybean-cowpea cross-inocula- 
tiou group. Under an unfavorable environment, invasion of individual 
l)lants by c(*rtain strains of the bacteria may o(*cur at different periods, 
depending on what appears to be minor factors in the environment, 
but which bring about changes in the composition of the host plant 
sufficient to control the time of infection. 

Tlie implication of the findings for theoretical aspects of symbiotic 
nitrogen fixation is the emj)hasis which they place upon the influence 
of tlie host plant in the symbiosis. The assumption that the host 
plant passively supplies th<‘ source of energy and that the actual 
process of fixation is a function of the bacteria alone appears to be 
untimable in the light of these results. Research in the field has been 
largely concerned with efforts to determine the individual roles of the 
plant and organism, but such an approach may be unwise. Regarding 
the fixation of nitrogen as a function of the relationship between host 
and organism acting as a unit rather than as isolated components, 
might prove to be a .more rational ])oint of view for future research. 

A corallary of this view of mutual interdependence of bacteria and 
plant is the necessity of change in the concept of what constitutes 
‘^strain variation''—a broader (lelinition which would include the host 
plant might be advisable. With our present definitions Rhizobivm 
mellloti 105 would be classed as ‘‘effective" wdth certain hosts but 
“ineffective” with others. But if the variation is considered as one 
involving the relationship between plant and bacteria rather than 
merely tlie strain of the organism (or the species of plant) a more 
unified conception is possible. 

According to this concept the difference in strains of the organism 
is not so much a definite qualitative one capable of classification in 
terms as “effective" and “ineffective”, but rather a quantitative 
difference in the manner in which the bacteria affect the relationship 
between themselves and the host. Moreover, this (piantitative 
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difference is not necessarily constant but may vary in relation to the 
presence and activities of other factors which likewise affect the 
relationship. These factors would include the species of the host 
plant, the carbohydrate-nitrogen relation in the plant, and probably 
others; such as day length, temperature, and light intensity. Thus 
the irregularity in the fixation of nitrogen with some cultures, as 
Rhizobium meliloti 128 with Melilotus dentata (33-49) and M. suaveo- 
lens, Rh. meliloti 101 with Medicago sativa (Grimm) (/.?), and Rh. 
trifolii 205 mth Trifolium incarnatum (6), constitute examples of alter¬ 
ation of the quantitative effect of a strain on the association through 
the predominance of some other factor—possibly the carbohydrate- 
nitrogen relation in the plant—which affects the relationship. The 
objective of future research is to define the as yet unknown factors, to 
determine their relative significance especially in combination with 
one another, and finally to devise means for their control. 

SUMMARY AND CONCLUSIONS 

Four species of sweetclover, Melilotus alba, M. officinalis, M. 
suaveolens, and M. dentata —were tested for ability to fix atmospheric 
nitrogen in association with different strains of Rhizobium meliloti. 
Six experiments were made during different seasons with resulting 
differences in extent and rate of nitrogen fixation by the plants. 

Three types of response with respect to fixation of nitrogen were 
observed in these experiments: 

(1) The association of certain of the species of host plants and strains 
of bacteria were consistently effective. 

(2) The association of certain strains of bacteria was effective with 
one species of the host but ineffective with another. The reverse was 
also observed, i. e., certain species of the host plant were benefited 
through association with some strains of the organism but not with 
others. 

(3) The association of certain species of plant and certain strains 
of the organism gave rise to erratic responses between experiments as 
well as within an experiment. There was some evidence that this 
type of response may have been influenced by the carbohydrate- 
nitrogen relationship in the plant. 

These results stress the importance of the host plant in determining 
whether a given strain of bacteria is effective or ineffective in the as¬ 
sociation. It is proposed that the concept of strain variation in the 
bacteria may be only one aspect of a broader type of variation which 
involves the total relationship between organism and plant. The 
variation in this relationship with respect to nitrogen fixation may be 
affected by factors other than differences of strain of bacteria, as, for 
example, species of host plant or physiological balances within the 
plant. According to this view a given strain of the organism is not 
“good” or “poor” in an absolute sense, but only relative to the other 
factors which affect the relationsliip. Under certain conditions one 
factor, as, for example, strain of organism, may detonnine the effective¬ 
ness of the relationship, whereas under other conditions some other 
factor, such as species of host plant, may be the dominating element. 
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INTRODUCTION 

Flax rust, caused by Melampsora Uni (Pers.) L6v. is widespread 
throughout the flax-growing regions of the world, and in certain years 
epiphytotics of serious proportions occur, causing severe losses to 
growers. The threat of rust epiphytotics in Minnesota has been 
sufficiently great to be a major factor in causing the removal from the 
recommended list of the two susceptible varieties Chippewa and 
AVinona, and at the present time makes it imperative that new 
vaiieties of flax to be recommended for commercial production be 
highly resistant to, or immune from, rust. 

The physiologic-form concept has served to emphasize the necessity 
for producing varieties resistant to all races of the pathogen prevalent 
ill a localitv. Consequently, the inheritance of reaction to a collection*^ 
of rust is of primary importance in breeding for rust resistance in flax;*,^ 
Likewise, a knowledge of the degree of association between the reaction 
of hybrids to a collection of rust and to a single jihysiologic race 
commonly found in the region is of considerable importance botb from a 
practical and from a theoretical viewpoint. 

The purpose of this study was threefold: (1) To determine the] 
nature of interaction of genes conditioning different types of rust ' 
reaction; (2) to determine the relationsliip and interaction of genes 
conditioning a similar reaction type in different varieties; and (3) to 
determine the relationship between the reaction of hybrids to a 
collection of rust arul to a single physiologic race. 

LITERATURE REVIEW 

Studies of the inheritance of disease resistance in crop plants have 
fieen a fruitful field for the application of genetic principles to plant 
breeding, and the literature pertaining to such studies is voluminous. 
Likewise, the morphological characters of flax have been the subject of 
rather extensive genetical researches, particularly by Tamme^ This 
literatiire has been reviewed in recent papers by Tainmes {9, lOf and 
the writer (7) It is a singular fact, how^ever, that relatively little 
work has been reported on the inheritance of reaction to rust m flax. 
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In 1921, Heniy {5) stated that seTeral previous investigators had 
observed a differential rust reaction in different varieties of flax, some 
reporting immune varieties. At the same time, he reported that 
numerous varieties had been immune from rust in tests in Minnesota. 
("Later, {6) he stated that Ottawa 770B, Argentine Selection, and 
Bombay had remained consistently immune when thoroughly tested 
with several collections of rust from the United States and Canada, 
and that all three had likewise been immune when inoculated with a 
collection of rust furaished by Tammes from her flax-breeding gardens 
at the University of Groningen, Groningen, Netherlands. In addi¬ 
tion, Henry {6) stated that Hiratsuka tested Ottawa 770B and Argen¬ 
tine Selection in Japan with the same results. 

Henry (6‘) studied the inheritance of immunity in crosses involving 
Argentine Selection, Ottawa 770B, and Bombay as the inmiune 
parents. The immunity of Ottawa 770B and Bombay was in each 
case dependent upon a smgle dominant factor. In Argentine Selec¬ 
tion, apparently two doinuiant factors were present, either of which 
conditioned immuhTly. In crosses involving Ottawa 770B, rust 
reaction and flower color were inlierited independently., 

Recently, Flor (S) has reported the differentiation of 14 physiologic 
forms of Melampsora Uni by the use of seven varieties of cultivated 
flax. Of the 165 varieties of flax inoculated with forms 1 to 5, only 
3T)gave indications of being rust differentials, the remaining 152 
sEowing no specific response to the 5 forms of rust. Flor states that 1 
the lack of genetic purity of the A'arieties with regard to rust reaction ! 
was one of the striking features of his results. 

MATERIAL AND METHODS 

The following varieties of flax {Linum usitatissimum L.), used as 
parents in the crosses reported in this paper, are grouped according 
to their supposed rust reaction at the time this study was outlined: 

Immune: Ottawa 770B, C. I. 355^; Newland, C. I. 188; Minne«ota Suloction, 
C. I. 438; Long X E, C. I. 697; Pale Blue Verbena, C. I. 416 3; and Argentine 
Selection, C. I. 712. 

Resistant: Light Mauve, C. I. 379^-^ Pale Pink, C. I. 649; Bison, C, 1. 389; 
Redwing, C. 1. 320; and Ottawa 829c, U. I. 391. 

Moderately susceptible: Bolley Golden, C. I. 644; Pale Blue, C. 1. 423; and 
Abyssinian Yellow, C. I. 300. 

^Susceptible: Common Pink, C. I. 479. 

The data on rust reaction, used in outlining? this stud;)r, were made 
available to the author by C. C. Allison of the Division of Plant 
Pathology and Botany, University of Minnesota, and were from 
notes taken on the varieties grown at the Coon Creek Experimental 
field in 1932. 

The parental material, w’^herever possible, was taken from rows 
descending from individual plants. However, such rows were not 
available of Newland, Long X E, C. I. 416-3, C. 1. 712, Light Mauve, 
and Bolley Golden, and for these varieties it was necessary to plant 
bulk seed for making crosses. A total of 37 crosses was made. Varie¬ 
ties representing different types of rust reaction w^ere intercrossed, and, 
in addition, varieties showing a similar type of reaction w ere crossetl 
in all combinations. The crosses wrere made in the greenhouse during 


< O, I. refers to acoession number of the Division of Corea! Crops and Diseases, Bureau of Plant Industry, 
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the winter of 1933-34, and the parents and Fi plants were grown on 
peat soil at the Coon Creek experimental field in 1934. In addition, 
an F 2 generation of Ottawa 770B X Pale Blue, and F 2 and F 3 genera¬ 
tions of Ottawa 770B X Redwing were grown in space-planted rows. 
Additional hybrid seed of each of the crosses was obtained in the 
flax-crossing plot in 1934. 

F 2 generations of all crosses w^ere grown in 1935 at University 
Farm, Minn., and on the Coon Creek peat. However, because of 
adverse cliniatic conditions, no data were obtained on rust reaction 
of the hybrid material daring this summer. 

In the greenhouse studies of rust reaction, conducted during the 
winter of 1935-36, Fi and F 3 lines were used in all crosses where seed 
was available. In certain crosses where there were insufficient F 3 
lines F 2 material was also used. Each F-t line was planted in a single 
4-in(‘h pot at the rate of 20 seeds per line where sufficient seed was 
available. Likewise, the F 2 generations and the parental checks were 
planted at the rate of 20 seeds per 4-inch pot. 

The collection of rust was obtained at University Farm from the 
variety Winona, previously inoculated with rust collected at Coon 
Creek. I’hysiologic form 4 was obtained from H. H. Flor, of the 
Inited States Department of Agriculture. Both the collection and 
the single form were increased in the greenhouse on Winona. 

/ temperature of abotit 70° F. was found to be suitable for growing 
the flax and for ])roduciug good rust infection. Two large incubators, 
each with a < apacity of seventy-five 4-inch pots, were available and 
ail incubation period ot 48 horn’s was used. As a result, about 150 
pots were planted every second day. The fii’st planting was inocu¬ 
lated by the brushing method, with the collection of rust, 3 weeks 
after the date of planting. The plants were then 4 to 6 inches tall. 
Inoculations were continued every other day on the subserpient plant¬ 
ings until in November, when tlie low^ light intensity and duration 
retarded the grow th of the flax. Since it seemed desirable to inocu¬ 
late all crosses at nearly Uie same stage of grow th, the period from 
planting to inoculation wfls gradually extended from 3 weeks to 4 
weeks in December. As soon as seed of all the material had been 
])lanted for testing with the collection of rust, a duplicate planting 
was started for testing with the single physiologic race. The pro¬ 
cedure followed with the material for inoculation with the single race 
was essentially the same as that for the collection. 

In taking the notes, no standardized classes wer-e available as is 
t he case in seedling studios with the cereals, particularly wheat. Con- 
se(juently, it was necessary to set up the classes as the notes were 
taken. Eleven classes were used, based upon extent and type of 
infection. These classes wer’e as follows: 

Class 0: Plants showing no nvacroscopic evidence of the i)resenco of the pathogen 
(pi. 1, -1). 

Class 1: Plants w ith small flecks but no pustules (pl.l, B). 

Class 2: Plants w ith flecks and very small pustules, the pustules surrounded 
by a narrow' necrotic area or by chlorotic tissue (pi. 1, Cand £)). 

Class 3: Plants with flecks, xcry small pustules, ami occtisioital mediutu large 
pustuU^s iiitermingled on the same leaves over the entire r)lant. Pustules usually 
surrounded by a necrotie area although occasional pustules were surroimded by a 
chlorotic area (pi. 1, K). 

Class 4: Plants with few small pustules (less than four or five per leaf) sur¬ 
rounded by necrotic areas on older leaves. Leaves on the upper one-third of the 
plant with large susceptible pustules, surrounded by chlorotic area (pi. 1, F). 
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Class 5: Plants like class 4 except with more pustules per k^af (pi. lyG), 

Class 6: Plants with large pustules surrounded by chlorotic areas on all leaves. 
Usually two, three, or four pustules per leaf surface (pi. 1, II). 

Class 7: Plants with reaction type like class 6, except with five to eight 1 ) 118 - 
tules per leaf surface (pi. 1, /). 

Class 8: Reaction type like classes fi and 7 except with pustules more numerous, 
causing the chlorotic areas surrounding the pustules to coalesce, thus producing 
a more or less uniform chlorotic condition where the pustules were thick (pi. 1, J)\ 

Class 9: Pustules on older leaves surrounded by narrow “green islands'^ with 
intervening chlorosis, giving the leaves a spotted appearance. Large piistuk's 
on younger leaves similar to those in classes 6, 7, and 8. Many pustules i)er 
plant (pi. 1, K). 

Class 10: Reaction type like class 9 except w ith few" pustules per leaf (pi. 1, L). 

FIELD STUDIES 

The rust reaction of the parental varieties grown at Coon Creek 
during the summers of 1934 and 1935 are presented in table 1. 


Table l.-~~Ryst reaction of the parental varieties in the field in 1934 19So 


Variety 

1934 

1 

1935 

Variety 

1934 

1 

1 19:15 

i 

Ottawa 770B 

Immune ., 

Immune 

C I. 649 

Resistant 

! licsistaiit 

Newland 

do 

Do. 1 

Bison ... 

Semiresistiint . 

j Senuresisfant 

C I. m .I 

do_ 

Do 1 

Redu mg 

do 

1 Do 

Long X E- 

do. 

Do 

r 3 391 

j Moderately sus¬ 

1 .Moderately .si 

(\ 1 416-3-.. ; 

.do. 

Do 1 


ceptible 

1 cepf Ible 

C I. 712 - - 

..do. 

Do I 

Pale Blue | 

[ . do. .. 

Do 

Bolley OoMen 

(0 .’ 

Kesistani 01 im- 1 

Abyssiman ' 

do .. 

1 Do. 



mune 

Volhm 



Light Mauve. 

Immune 

Hesi.stant 1 

C I 479 

do 

1 D(». 


* Tx*aves destroyed, reaction could not be determined. 


No rust was found in either year on the si.x varieties which were 
considered immune in outlining the experiment, i. e., Ottawa 77 ()B, 
Newland, C. I. 438, J^ong X K, C. I. 416-3, and (\ 1. 712. In addi¬ 
tion, all ])lants of Light Mauve were entirely free from evidence of 
rust infection in 1934, but in 1935 this variety showed flecks and small 
resistant pustules. Likewise, a small ])rop(>rti()n of the plants of 
C. [. 649 grown in 1934 were free from rust, the remainder showing 
only a few resistant-type pustules per plant, while in 1935 occasional 
large pustules were found along with Hecks and resistant pustules on 
this variety. In 1934, the leaves of Bolley (lolden were entirely 
destroyed by the pasino disease, making it impossible to determine 
rust reaction. In 1935 one plant row^ of Bolley Golden, from the 
plant used as a parent in the cross C, I. 479 X Bolley Golden, was 
immune, the remaining plants of Bolley flolden showing a resistant 
reaction. 

Large susceptible-type pustules were found i!i Bison and Redwing, 
but in these two varieties the pustule frequency''\\^s less than in the 
four moderately sus(‘eptible varieties, C. 1. 391, Pale Blue, Abyssinian 
Yellow, and C. 1. 479, Thus the semiresistance of Bison and Redwing 
under these conditions was a matter of lower pustule fre([uen<y rather 
than type of reaction. Likewise the four moderately susceptible 
varieties differed from susceptible varieties such as Wirjona in having 
a lower percentage of rust rather than in type of pustule. The data 
on rust reaction in the h\, generation of Ottawa 770B X Bale Blue and 
the F 2 and F 3 generations of Ottawa 770B X Redwing grown in the 
fie|d in 1934 are summarized in table 2. 
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PLATE 1 



Classes of rust reaction used in classifying material in the greenhouse studies* A, Class 0; £f, class 1; 
C class 2 (pustules surrounded by necrosis): D, class 2 (pustules surrounded by chlorotic tissue) 
E, class 3; F, class 4; O, class 5; //, class 6, A class 7; J, class S; K, class 9; X, class 10. 
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'Tamlk 2. Srgrrgah'ov for rusf tracHon in Ike field of F-i oytd F'a gcficrahous of crossen 
involving Ottawa 7it)H as Ike immune parent 


('ross 


Ottawn 77()H X Uf‘dwinK 

1 )o..- - 

Oltaua 770H X Pale nine . 



(ieneralion 


Fs plants ... 
Fii lines .. .. 
K 2 jilants .,., 


Plants or lines showing indi¬ 
cated reaction 


Immune 

! SeRregat- 
1 mg 1 

1 

KusJecl 

Number 

* Number ! 

Number 

H 

1. - .. . 1 


'M 

i 47 j 

21 

4b 

i- ! 

10 


The rusted segregates in Ottawa 770B X Redwing all appeared 
semiresistant like Redwing. In the F 2 generation the number of 
plants was small but the fit to a 3:1 r atio was good, P lying between 
0.70 and 0.80. The F 3 geiieratioiroffers more eritiotd evidence regard¬ 
ing the mode of inheritance of immunity. The tit of the observed 
ratio of F^ line's to the tlieoretical 1 : 2:1 ratio was good, P lying between 
0.30 and O.oO. x“ bt to *^-l ratio was calculated for each of the 
47 segregating V\ lines separately and the x"' ' added. The total 
X" vvas fJH.fjlO. Applying the formula \2x^— yl2ri— 1 giv^en by Fisher 
{£) a normal deviate of — 0 . 8 t)()±l was obtained, the deviation from 
the expected 3:1 ratio not being significant. In tlie cross Ottawa 
770 H X Bale Blue, the number of F 2 plants was again too small to 
warrant drawing definite conclusions although the observed segregates 
approached the expected 3:1 ratio, with lying between ().20 and 
0.30. Thc.se data are in agreement with the conclusion reached by 
Henry that the immunity of Ottawa 770B in the field is conditioned 
by a single dominant factor. 

GREENHOUSE STUDIES 

The major portion of this paper is concerned with the reaction of the 
pai’cnts and hvbrids under greenhouse conditions to a collection of rust 
and to [)liysioiogic race 4. It is known that in wheat certain Aarieties 
wiiich are \'cry susc'cptible to rust in the seedling stage in the green¬ 
house are highly resistant to the same forms of rust in the *hnature- 
plant” stage in the field (Staknian {8), Hayes, Stakman, and Aamodt 
(4)i and others). Flor {8) found that certain varieties of flax showing 
some resistance in the field w ere susceptible in the greenhouse. There¬ 
fore it seems desirable to know the rust reaction in the greenhouse of 
the varieties used as parents in this study before attempting to analyze 
the data obtained on the hybrids. Furthermore, the 11 classes of 
rust reaction used in classifying the parents and hybrids, were set up 
to include all of the differences which seemed sufficiently clear-cut to 
permit their cJassification, but no atU'mpt was made at that time to 
determine their genetical significance. Such information, however, is 
valuable in analyzing the results obtained in segregating populations, 
and the best evidence of the validity or significance of the different 
rust classes from a genetical standpoint is to be found in the reaction 
of different biotypes under the conditions of the experiment. 
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PAflENTAL REACTION 

The data on the reaction of ilie parental varieties t.o a, colliH tion of 
rust and to form 4 are presoiitcd in table 3. 

Table 8. —Reaction of plants of parental checks to the collection of rust in the green¬ 
house and to form. 4 

REACTION TO COLLECTION OF RUST IN GREENHOUSE 


Plants 111 rust cltiss - 


Variety 



0 

1 

2 

■ 

3 

i . . 

5 

6 

: 

8 

9 

10 


.Vmw- 


Xiirn- 

j\u m- 

j 

\Nnm~ 

Nnm- 

AO/ m* 

N 11 m~ 

Nurn- 

Num- 

Nn ni- 


her 

b( 1 

ber 

ber 

1 ber 

ber 

ber 

her 

ber 

ber 

htr 

Ottawa 770B_. 

U.l 

l.'-.O 




1 . - 

_ 


-i 
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All the plants of Ottawa 770B, Newland, and C. I. 438 were immune, 
both from the collection and from form 4. These varieties had also 
been immune in the held. Two other varieties, Long: X E and C. J. 
416-3, immune under field conditions, showed a mixed reaction in the 
greenhouse. 

Such variable or mixed reaction may either have been the result of 
genetical variability or the influence of environment. Since bulk seed 
of both these varieties was used in making the crosses, the possibility 
that the plants tested in each variety did not represent a single biotype 
cannot be excluded. Four plants of Ijong X E wore used as parents 
in making the crosses in the greenhouse in 1933-34 and the offspring 
of one single plant selection from the progeny of each of these four 
plants were tested both to the collection and to form 4. The data 
are given in table 4. 
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Tahlk 4. —Heaction to collerlion of rust in ffreenhoUNC and to form 4 of offspring of 
single-plant sekciions from the progeny of plants of Long V H and (!. J. 712 
used ns parc7its 

LON(3 X K 



140 1 

f 4‘UO-l 
i 4305-3 

not 15 1 

. 

i! ■ 12 

j 

1 

•'* ! 
10 

14<M 

4308 1 


- . ...I 7 

... 2 ' 


141-1 

1 4352 1 


7 - - ! 

1 3 1 

13 ' 

i ... - ‘ 10 1 



j I.V12-1 

i 1 

. . - ! 13 i 

i . ; 1 



Tlio ])rogeny of tlu? two plantsi l.‘52-l ami KU-1 wore pretlonnuantly 
class 0, whereas the projreny of 132-2 were mostly class 1, both to the 
collection and to form 4. These results, although not conclusive, 
indicate that two difierent strains of Long X K had been used. This 
does not answer the ([uestion, however, wliether the occurrence of 
botli class 0 and class 1 progenies froin the same plant resulted from 
heterozygosity for factors conditioning rust reaction or from the 
intluence of environment. In a naturally self-pollinated crop like 
tlax, the proportion of plants heteroz^^gous for an}’^ given factor or 
factors, after the variety has been grown for several j^ears, must be 
low. Therefore, it is unusual that all four of the plants used in the 
greenhouse should have been heterozygous and, in addition, that the 
single plant selected from their progeny should, in each of the four 
cases, also have been heterozygous. 

Four plants of C\ I. 416-3 were used as parents in the crosses made 
in the greenhouse. From the progenv of a single plant selected from 
the offspring of one of these original plants, three plant selections were 
made, the progeny of which were used as checks in the greenhouse rust 
tests. Likewise two plants from the progeny of a single plant selectcil 
from offspring of another original parent plant and single-plant 
selections from the progeny of the other two original parents were 
taken, the progeny of which were used as checks in the greenhouse 
tests. No sharp differences in the rust reaction of the different 
parental lines were observed. The greatest difference was be¬ 
tween two pots planted with seed of a single plant. The 18 plants 
in one pot, inoculated October 13, were all class 0, while the 19 plants 
in the other pot, inoculated on November 25, were all class 1. These 
results indicate that in this variety the class 0 and class 1 types of 
reaction are subject to environmental fluctuations to a considerable 
extent. 
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The complexity of studies of disease resistance has been pointed out 
by other investigators. Reaction of the host to a disease is not merely 
the interaction of the genetic factors of a single organism with the 
environment but rather the interaction of two organisms, the host and 
the pathogen, each with its gene complex interacting with the en¬ 
vironmental conditions. If immunity in flax is dependent upon the 
limitation of the development of tlie pathogen ratlier than its exclusion, 
it would perhaps not be surprising to find cases in which the balance 
between host and pathogen is so delicate that slight changes in the 
environment shift the reaction from one in which no macroscopic 
disease symptoms occur to one in wliich sufficient host cells are killed 
to produce a fleck. 

C. I. 712, which was immune in the field, when tested in the green¬ 
house had plants in the three rust classes, 0, 1, and 2. Bulk seed of 
tliis variety had also been used for making the original crosses. Four 
plants W'cre used as parents for the crosses made in 1933-34. The 
data on rust reaction of lines descending from these four plants are 
summarized in table 4. 

Oflspring from the plant selections from the progeny of 140-1 con¬ 
sist of plants in rust classes 0 and 1, while i)rogeny of the other three 
lines have all plants in classes 1 and 2. 

Two plants of Bolley Golden were used as parents in the greenhouse 
in 1933 -34. Sixty-six plants of the line descendant from plant 123-2 
were inoculated with tlie collection of rust in the greenhouse and all 
were immune. In addition, 32 plants of this line were inoculated with 
form 4 with the same results. This is the same line that was immune 
in the field. Progeny from four single-j)lant selections from offspring 
of the other parent plant varied in rust reaction from class 1 to class 2. 
Four pots were planted with seed from one of these single-plant 
selections and inoculated with the collection of rust. Plants in two 
of these pots fell in class 1, whereas thos(‘ in the other two pots, in¬ 
oculated at a later date, were classed as 2, i. e., with resistant-type 
pustules. This indicates that classes 1 and 2 may represent environ¬ 
mental fluctuations rather than ti‘ue genetical dilferences, in this 
variety at least. In 1934, three plants of Bolley Golden were used in 
making additional crosses. Progeny of one of those plants were all 
class 0 while the progeny of the other two varied in rust reaction from 
class 1 to 2. It is probable that the variety Bolley Golden consists 
of a mixture of immune and resistant biotypes. Flor {3) found that 
70 percent of the plants of Bolley Gohlen were immune, and 30 per¬ 
cent were resistant in his tests. 

A similar situation obtained in Light Mauve. Thirty-nine individ¬ 
uals from a single-plant selection of the progeuiv of one of the parent 
plants used in making the crosses in the greenhouse were inoculated 
with the collection of rust. Thirty-six wore class 0 and three were 
class 1. Eighteen plants of the same line were inoculated with form 4 
and all were class 0. Progenies of plant selections from descendants 
of the other three original plants, when inoculated with the collection, 
were all classed as 1 or 2 except two, which were class 0. These two 
may have been escapes. \Vhen inoculated with form 4, all were placed 
in classes 1 and 2. No distinct differences in rust reaction between the 
descendants of these three original plants were observed. Three 
plants of Light Mauve were used in making additional crosses in 1934. 
Pre^enies of two of these, when tested with the collection of rust, 
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wore classed as 1 and 2. J^rogcnios of all throe f)lants when tested with 
form 4 contained class 0, 1, and 2 plants. Whether the plants in <dass 
0 represented true immunity or escapes is not known. 

The plants of C. I. 649 varied from class 1 to class 5 both when 
inoculated with the collection and when inoculated with form 4. The 
[)roportion of class 1 plants was greater, and that of class 3 and 5 
plants smaller, among the plants inoculated with form 4 than among 
those inoculated with the collection. The range in rust reaction from 
class 1 to class 5 is greater than would normally bo expected in plants 
of the same gonoty])e, particularly on such plants growing in the same 
pot. However, the seed of (1 1. 649, used in making the greenhouse 
crosses, was tak(m from a single-plant selection, and the progeny of 
five single-plant seletdions from the offspring of two of the original 
parent plants gave, in each case, a similar range in reaction types. 
These results would suggest homozygosity of the material, although 
the only critical eviden(*c would be a progeny test of individuals rep¬ 
resenting the four reaction classes. Such tests have not as yet been 
made. Marquillo wheat is known to show variability in reaction, 
giving both resistant and semiresistant plants (Hayes, Stakman, and 
Aamodt (4), Ausemus (/). Whether this is an analogous situation is 
not knowm. 

The ])lants of Bison, inoculated with the collection of rust, varied 
from class 3 to 10, while the plants inoculated with form 4 were placed 
in classes 2, 3, and 7. These results indicate that Bison is likewise 
more resistant to form 4 than to the collection. Flor (d) did not find 
such a dilference either with (\ 1. 649 or Bison. Since, in the present 
study, the varieties were inoculated with form 4 and the collection at 
dilfenmt times; it is not certain that a true dilTerenee in resistance 
obtains. Although the range in rust reaction among the Bison plants 
was large, a study of the progenies of the individual jdant selections 
alForded no evidence n^garding tlie nature of this variation. Classes 
4 and 5 have a similar type of reaction and dilfer only in the pustule 
frequency. Class 4 was found in the early inoculations, but later all 
])lants showing this type of pustule fell in cla.ss 5, perhaps due to a 
more uniform distribution of inoculum as the inoculation technicjue 
improved. A similar situation obtained for classes 6, 7, and <S, where 
the relative proportion of class 7 plants imu’cascHl not only in Bison 
but also in other varieties to be discussed later, as the experiment 
progressed. 

Plants of Redwdng, inoculated with the (‘olle(‘tion, oc(*urred in 
classes 5, 7, 9, and 10, while (\ I. 391 had plants in clas.<ies 5 and 7. 
Class 5 plants were found in Redwing early in the experiment, wdiile 
all plants inoculated later, under reduced intensity and duration of 
light, were classed as 7. In both of these varieties, when inoculated 
with form 4, all plants were placed in class 7 except two plants of 
Redwing in class 5. 

Plants of Pale Blue and C. I. 479 varied from class 6 to class 10 
when inocxdated with the collection. In the early part of the investi¬ 
gation, the ^‘green island’' type of reaction of classes 9 and 10 occurred 
in the same pots of these two varieties along with classes 6, 7, and 8. 
Later, with reduced light, this type of reaction no longer appeared. 
All plants of these two varieties, when inoculated with form 4, gave a 
uniform class 7 type of reaction. It is doubtful from the results ob- 
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ljunod with thoso two variotios wlicthor chu«sos 0, 7, 8, 9, and 10 
roprosent ti’iie genotical diireroncos. 

On the basis of the above results, it appeared logical to place the 
parents in five groups, as follows: 

(1) Immune: Ottawa 770B, Newland, C. I. 438, and the immune strain of 
Bolley Golden. 

(2) Near immune: Long X K, C. I. 416-3, and the near-immune strain of 
Light Mauve. 

(3) Resistant: Bolley Golden, Light Mauve, and C. I. 712. 

(4) Semiresistant: Bison, Redwing, and C. 1. 391. 

(5) Susceptible: Pale Blue, C. I. 479, and Abyssinian Yellow, 

C. I. 649 is less resistant than Bolley Golden, Light Mauve, or 
C. L 712. On the other hand, it is definitely more resistant than the 
varieties classed as semiresistant. Because of the variable reaction 
of the plants of C. I. 649 in this study, tins variety has not been placed 
in any of the five groups. 

C, I. 649 was used in crosses with one immune variety, Ottawa 
770B, one resistant variety, Light Mauve, and three semiresistant 
varieties, Bison, Redwing, and O. I. 391. 

On the basis of the rust reaction of the parents under greenhouse 
conditions, the crosses can be classified as those involving parents 
with similar rust reaction and those involving parents with dift’erent 
rust reaction, as follows: 

Crosses involving parents with similar rust reactions: 

Immune X immune: Ottawa 770B X Newland, Ottawa 770B X C. T. 43S, 
and C. 1. 438 X Newland, 

Near immune X near immune: C. I. 416 3 X (Long X K). 

Semiresistant X semiresistant: Redwing X Bison. 

Susceptible X susceptible: C. I. 479 X Pale Blue and Pale Blue X Abyssinian 
Yellow. 

Crosses involving varieties with different reaction to rust: 

Immune X' near immune: Ottawa 770B X C. I. 416-3, Ottawa 770B ;< (Jiong 
X E), C. I. 416-3 X Newland, C. I. 416-3 X C. I. 438, C. 1. 438 X (Long x K), 
and (Long X E) X Newdand. 

Immune X resistant: Ottawa 770B X Bolley Golden, Ottawa 770B X Light 
Mauve, Ottawa 770B X C. I. 712, C. I. 712 X Newland, and C. I. 712 X C. 1. 
438. 

Immune X semiresistant: Ottawa 770B X Redwing and Ottawa 770B X Bison. 

Immune X susceptible; Ottawa 770B X Pale Blue, Ottawa 77()B X C. I. 479, 
and C. I. 479 X Bolley Golden. 

Near immune X resistant; C. I. 712 X (Long X E) and C. I, 712 X C. I. 
416-3. 

Near immune X semiresistant: Light Mauve X R(»dwing. 

Rt^sistaiit X semiresistant: Light Mauve X Bison and C. I. 391 X Light 
Mauve. 

Resistant X susceptible: Bolley Golden X Pale Blue and Bolley Golden X 
Abyssinian Yellow^ 

Semiresistant X susceptible: Pale Blue X Bison and C. 1. 479 X Bison. 

REACTION OF HYBRID MATERIAL 
Immune X Immune 

t In the cross of Ottawa 770B X C. I. 438, 32 F, lines, averaging 
15.6 plants per line, were inoculated with the collection of rust and 
only class 0 plants were obtained. Inoculation of these same F 3 lines 
with fonn 4 gave identical results. The results indicate that the 
immunity of Ottawa 770B is allelic to the immunity of C. I. 438. 
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(lata on the iTaction to the collection of rust of panuits, Fi, 
and F:, of Ottawa 770B X Newlaud ancl the parents and F^ generation 
of 0. 1. 438 X Newland are prewnted in table 5. 


Table ^.--Reaction of parents^ and of F\ and Fz generations of Ottawa 770B X 
Newland and C. I. 4S8 X Newland to collection of rust in greenhouse 



In the 35 F 3 lines of Ottawa 770B X Newland, semiresistant (class 5) 
and susceptible segregates were obtained in addition to class 0 plants, 
(ironping the class 5 and susceptible segn^gates together, the ratio of 
F 3 lines becomes 20 immune : 14 segregating : 1 susceptible. Using 
X“ to compare this ratio with the calculated, on the basis of duplicate 
factors for immunity, gave a value of P betw'een 0.10 and 0 . 20 . These 
data suggest the hypothesis of a single dominant factor conditioning 
immunity in each variety the two factors not being allelic and inherited 
independently. 

The relationship of the reaction of these lines to the collection and 
to form 4 is shown in table 6 . 

Table 0. - Correlation table showing the reaction of Fz lines of Ottawa 770B >" 
Newland to collection of rust in greenhouse and to form 4 


Reaction. to>ollect ion 


Reaction to form 4 

Immune 

Segregat* ! 
ing 

Susceptible 

1 Total 

! 

liumune.. , . .. 

Sejfrej^HtlnR ... 

i 

Number 

1 20 1 

Number 
i b 

Number \ 

1 Nu mber 

25 

K 

Susceptible.. . 

.j 

1 1 1 


' 2 




^ 1 


Total-... 

___ „ . ' 

2 «| 



35 


From these data it can be seen that the reaction of the F 3 lines to 
form 4 was similar to their reaction when inoculated with the collec¬ 
tion. Five lines that were classed as segregating with the collection 
contained only class 0 plants when inoculated with form 4. However, 
since the average munber of plants per line was only 11.5 in the test 
with form 4, these exceptions probably resulted from failure to recover 
recessive segregates in some lines owing to the small number of plants. 
In addition, one line was classed as segregating with the collection and 
susceptible to form 4. In this line only three plants were tested in 
each case. 
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Ill (/. I. 4:iS X Nowlntul (tahlo 5), 1() of flic K,, linos containod only 
class 0 plants, 13 containod, in addition to class 0, class 1, 2, or 3 
segregates an<l 1 line contained only class 1 , 2 , and 3 plants. The 
occurrence of class 1, 2, and 3 plants in these F 3 lines suggests the 
absence of allelism of the factor for immunity in Newland with a 
factor conditioning immunity in C. 1. 438. for fit of observed to 
calculated on the basis of two dominant factors for immunity gave a P 
value between 0.20 and 0.30. Since no susceptible segregates were 
obtained in the Fj lines, it appears that one of the varieties carries, in 
addition to a factor for immunity, a factor for resistance allelic to the 
factor conditioning immunity in the other variety. No evidence of a 
factor determining resistance was found in the cross of Ottawa 770B 
X Newland. Therefore, it seems probable that C. I. 438 carries at 
least two factors, one conditioning immunity and the other, which is 
allelic to the factor for immunity in Newland, conditioning resistance 
to the collection of rust. When the F 3 lines of 0. I. 438 X Newland 
were inoculated with form 4, all jdants were immune. This indicates 
that the factor in C. 1.438 wliich conditions resistance to the collection 
determines immunity from form 4. 

Nkah Immune Nbak Immune 

In C. I. 41G-3 X (Ijong X E), 25 F 3 lines, averaging 12.7 plants per 
line, were tested with the collection of rust. Only class 0 , 1 , and 2 
plants were obtained. The variahility of the t.wo paients from class 
0 to 1 made an e.xact genetical interpretation of the results in the F,, 
lines impossible. However, the absence of semiresistant or susceptible 
segregates in any of the families indicates that the near immunity 
of these two varieties are allelic. Likewise, only cla.ss 0 , 1 , and 2 
plants were obtained when these lines were inoculated with form 4. 

SeMIHESI.STANT '■ SKMIHEKiSTWT 

The data on the reaction of jiarents, Fj, and F., generations of 
Redwing X Bison to the collection and to form 4 are given in table 7. 

Of the 32 F 3 lines inoculated with the collection, 14 contained only 
class 4 and 5 plants, w hile the remaining 18 containod b(»th class 4 and 
.5 and susceptible segregates. The reaction of Bison and Redwing is 
variable, as pointed out iu the analysis of the ]>aret»tal reaction in the 
greenhouse, thus precluding the f(*rmulation of any factorial explana¬ 
tion of the results obtained in this cross. 

The results with form 4 differ somewhat from those obtained with 
the collection in this cross. One of the plants of Redwing was placed 
in class 5 and 28 in class 7, whereas the Bison jdants were placed in 
classes 3,5, and 7. Here again a fa<dorial explanation of the results in 
F 3 cannot be given. It is interesting to note that the proportion of 
class 3 segregates in the material inoculated with form 4 is greater in 
those lines showing only class 4 and 5 segregates when inoculated with 
the collection. likewise, the proportion of plants showing a suscepti- 
,ble reaction to form 4 is greater in those lines showing susceptible 
segregates with the collection of rust. 
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Table 7.- Reaction of parents^ and of Fi and Fz generations of Redwing X Bison 
to collection of rust in greenhouse and to form 4 


Plants in rust class indicated when inoculated with- - 


Caroiit or 


Collection 



j Korin 4 


Kt>n<‘rniiori 


- . _- - 



‘ . —. 

— 

t 

^ i 

> 

0 1 

i 

0 1 7 1 « 1 

1 ' 

' 1 

10 

. 1 . i 

7 

"1 1 1 

\uinber, \'umb(r\ 

1 WnmberlNumber^Number Numbcr\ 

Number 

i i 1 

j Nu m her ' A u m her i Nu m be r 

I{,<'<lvnntj. .1 

30 



1 

i X 

2 K 

HisotJ-. . - 

32 




1 /» 29 i 

1 

F, ! 

1 




! ^ - 5 1 


F.< faniiliix; 


'll' 

1 




rtoil 7 . 

10 1 

1 - i ' 

. 


1 7 1 

_ . 

0011 n 1 

1 “ 1 

1 I 



1 - - 11 ' 

4 

0011 Ifi . . - i . 

ir. 

1 . ' - ■ 



- ... -i 10 ; 

0 

0011 10 . .1 J 

C' i 

i 


! 

1 , 14 !. 

_ 

0011 20 - - : 1 

20 ; 

' ! - ' 



1 13 ' 

4 

non 21 1 - 

14 ' 




9; 

4 

0011-27 1 

3 

1 _ 



2 0 

0 


20 i 

1 - 1 



3 ' 14 1 

. 

0011-31 , 

10 

, 1 



10 ' . .1 


001 l-S 1 3 1 



. ! 


2 7 ' 


non 10 0 , 

4 I 




2 7 

7) 

0011-12 1 

10 

• ' 



0 H 

- . - 

0011 17 t 

17 




13 . 


0011 30 . 1 

12 ' 




\ 10 

.. 

(lOii :> 1 1 

10 

2 1 



2 K 

4 

♦iOll 2 ! 

It 



l> 


10 

Mill t 1 

0 

> , 


A 

1 7 

7 

0011 1 

H 



0 


10 

0011 0 

10 



3 


u 

Oou 10 

12 



3 

3 , 

K 

Mill 22 

II 



1 

2 ' <> 

.1 

0011 21 

17 



1 

1 H 


Mill 21 

11 



2 

it 


0011 2.’’i 

'♦ 

- 


0 

1 1 10 

0 

0011-11 

H 



() 

12 

r» 

0011 IS 

') 

1 . , 


3 

0 

10 

0011 20 

r, 

. . 4 


0 

! 

17 

Mill 0 

4 


•{ 

0 

10 

.'t 

Mill <2 

11 

1 

1 

< 

' . - 12 ' 

4 

0011 1 


1 

3 

1 

1 7 

r, 

Mill 11 

2 

1 

11 

1 


l,s 

0011 20 

4 

1 2 1 


'{ 

11 

- 


SU.S( EPTIBLE y SrSCKPTlBLE 

III the (MOSS Pale Blue X Abyssiniiin Yellow, all plants of both 
pai tuits aiul the Fi were classed as susceptible in the material inoculated 
with the collection, while in the 30 F 3 lines, 3 contained only class 5 
plants, 1 0 containetl class 5 and susceptible plants, and 8 contained only 
susceptible sejjrej^ates. On tlie basis of the results obtained in Bison, 
Reduinp*, and C. 1. 391, the varieties showint? some semiresistant 
plants, it is evident that the class 4 and 5 type of reaction is not very 
sharply differentiated Genetically from susceptible. Consequently, it 
is possible that the class 5 plants obtaineil among the progeny of this 
(*ross were merely fluctuations caused by environment. However, the 
absence of such plants in either parental variety suggests a true geuet- 
ical difference, although it is impossible to give a factional explana¬ 
tion of the results. When this cross was inoculated with form 4, all 
plants of the parents, Fi and F^ lines were susceptible. 

In the cross C. 1. 479 X Pale Blue, all plants of the parents, Fi, and - 
of 03 F 3 lines were susceptible both to the collection and to form 4. 
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Immune X Nbak Immune 

The data on the reaction of the parents, Fj, and F 3 lines of Ottawa 
770B X C. 1. 416-3 are presented m table 8 . 


Table 8 . —Reaction of parentsf and of Fi and Fz generations of Ottawa 7 ?OR X 4^0- 
S to collection of rust in greenhouse and to form 4 



Ill the material inoculated with the collection, 2 of the 32 F 3 linos 
were predominantly susceptible although 2 plants out of the 18 in 1 
line and 5 out of 18 in the other were placed in class 3. The single 
class 0 plant in one of these two lines may have been a natural hybrid. 
The occurrence of two susceptible lines and of susceptible segregates 
in seven other lines indicates that the near immunity of C, I. 41fi-"3 is 
not allelic to the immunity of Ottawa 770B. Although the number of 
lines showing susceptible segregates was less than would be expected, 
the results in this cross could be explained on the hypothesis of twi) 
dominant factors, one conditioning the immunity of Ottawa 770B and 
the other determining the near immunity of C. L 416-3. However, 
since the mean number of plants in the F 3 lines was 17.56, the numbers 
are too small to w arrant definite conclusions regarding the number of 
factoi*s involved. 
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Table 9. —Correlation table showing the reaction of Fz lines of Ottawa 770B X C. I. 
416 S to collection of rust in greenhouse and to form 4- 


Retictioii to forfii 4 


Immune, near immune. 
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1 

22 
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The relation of the reaction of the F 3 lines to the collection and their 
reaction to form 4 is shown in table 9. Since classes 0 , 1 , 2 , and 3 do 
not appear to be differentiated hy^ major genetic factors in this cross, 
these four classes are combined in this case. The results indicate 
tliat the major factors differentiating the reaction of the F 3 lines to 
the collection of rust are tlie same as those conditioning reaction to 
form 4. 

In the material of Ottawa 770B X (Long X E), inocidated with the 
collection, 31 lines, averaging 15 plants per line, were studied and 
only class 0 , 1 , and 2 segregates were obtained, indicating tlxat the 
near irumunily of Long X E is allelic to the immunity of Ottawa 770B. 
Tlie variability of the near immune reaction of Long X E made an 
exact factorial explanation of the results in this cross impossible. 
When these Fy lines were inoculated with form 4 , only class 0, 1 , and 
2 plants were again obtained. 

In the 35 F 3 lines of (Long X E) X Newland, no semiresistant or 
susceptible segregates were obtained either in the material inoculated 
with the collection or with form 4, indicating that the factor condi- 
tiomng immunity in Newland is allelic to a factor for near immunity 
in Long X E. A similar result was obtained in inoculations both vdtli 
the collection and the single form of 31 F 3 lines of C, I. 416-3 X 
Newland, like\\T[se suggesting allelism of the near immunity of C. I 
41G“3 with the immunity of Newland. 

The data on the reaction of parents and F 3 families of C. I 438 >' 
(Long X E) are presented in table 10 . 

In the material tested with the collection, the occurrence of 6 F 3 
Imes^ i)ut of 33 with class 5 and susceptible segregates suggests the 
possibility of genetical segregation. It is interesting to note that these 
segregates all occur in tlie progeny of one Fz family, 5103. These 
results indicate that the two Fi plants from which Fz families 5163 
and 6160 descended were not alike genetically. This perhaps resulted 
from the use of a heterozygous parent in making the cross. As can 
be seen in table 10 , the behavior of the Fj lines when tested with fonn 4 
was similar to their reaction to the collection. 

Of the 32 Fs families of C. T. 416-3 X O. T. 438 inoculated with the 
collection of nist, all the plants in 31 lines wore class 0, and in the 
other family 10 plants were class 0 and 1 jilant was class 1 . Also, all 
plants of C. I. 416-3, inowdnted as checks with this cross, were class 0 
The average number of plants in the Fj lines m this cross was 12.75 
When inoculatetl with form 4, all plants of C. I. 416-3 and of the 
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32 families were class 0. From these results it appears that the 
near immunity of C. 1. 416-3 is allelic to the immunity of C. I. 438. 

Table 10 , —Reaction of parents and of Fs generation of C. I. 4S8 X (Long X E) 
to collection of rust in greenhouse and to form. 4 



Immune x Resistant 

In the crosses involving; Ottawa 770B witli Bolley Cloklen and Lig:ht 
Mauve, only Fo generations were studied; the data for these crosses 
arc presented in table 11. 


Table 11. - ■ Reaction of parents and generation of crosses of immune X resistant 
varieties to collection of rust in greenhouse 


Parent or generation 


Ottawa 770B 
Bolley Oolden, -- 
F2... . _ 

Ottawa 77()B 
Ligh Mauve-- 

Ottawa >70B 
Light Mauve 

. 
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The plants of Bolley Golden occurred in the two classes 1 and 2 . 
As pointed out in the mscussion of parental reaction in the greenhouse, 
it seems probable that these two classes represent fluctuations due to 
environment rather than actual genetical differences in this variety. 
Likewise, the data on parental reaction indicated that classes 6 , 7, 8 , 
9 , and 10 did not represent true genetical differences, but rather varia¬ 
tions due to environment. Consequently, the analysis of the results 
in segregating populations would be facilitated by combining class 1 
and 2 into a resistant group and the last five classes into a susceptible 
group. 

On this basis, the F 2 plants of Ottawa 770B X Bolley Golden occur 
in the ratio of 448 immune: 102 resistant:4 class 5:28 susceptible. 
Considering the class 5 and susceptible segregates together, for fit 
of the observed ratio to the theoretical 12:3:1 ratio gave a value of P 
between 0.50 and 0.70. Such a result could be explained on the as¬ 
sumption of a single dominant factor conditioning the immunity of 
Ottawa 770B and a single dominant factor for resistance carried by 
Bolley Golden which is not allelic but hypostatic to the factor for im¬ 
munity contributed by Ottawa 770B. The validity of combining the 
four class 5 segregates with the susceptible group may be subject to 
(juestion. However, these plants are definitely more susceptible than 
the resistant group of segregates, which resemble Bolley Golden in their 
rust reaction. 

In Ottawa 770B X Light Mauve, a ratio of 169 immune: 10 resist¬ 
ant :3 class 3:5 class 5:1 susceptible was obtained. Class 3 appar¬ 
ently represents a typo of resistance and differs from class 2 of the 
resistant group only in having occasional large pustules in addition 
to the flecks an<l resistant type pustules. Combining the class 3 
])lants with the resistant group and again considering the class 5 and 
susceptible s(‘gregates together, a ratio of 169:13:0 obtains, h>r 
fit of this ratio to a 12:3:1 ratio is 22.418, a value greatl}’^ in excess 
of x^ for the 1 jiercent point. The deviation from the expected 
ratio results from an e.xcess of immune segregates and a deficiency 
particularly in the resistant class. Since, in this case, 2 of the 40 
Light Mauve plants were classed as immune, the exccvss of class 0 
segregates may have been due to escapes. To test this possibility, 
achlitional plants of this cross were inoculated. In the second 
trial, a ratio of 294 immune:52 resistant :6 class 3:5 class 5:16 sus¬ 
ceptible segregates obtained. Again combining class 3 with the resist¬ 
ant group and class 5 with the susceptible group, x^ for fit of observ ed 
to a 12:3:1 ratio gave a value of P between 0.20 and 0.30. These 
results indicate that Light Mauve carries a single dominant factor 
for resistance which is not allelic but hypostatic to the factor condi¬ 
tioning immunity in Ottawa 770B. 

In Ottawa 77()B X C. I. 712, the Fi plants were all immune both 
when tested with the collection and with fonn 4. The results in the 
30 F 3 lines are summarized in table 12 . In this case the class 0 plants 
were considered immune and the class 1 , 2 , and 3 segregates were 
again cojnbined into a resistant group. Considering the resistant and 
semiresistant se^egates together in the material inoculated with the 
collection, the observed ratio of 7 immune: 14 segregating:9 not im¬ 
mune lines compared with the theoretical 1 : 2:1 ratio by means of 
x"’, gave a value of P between 0.80 and 0.90. The reaction of the 

:t277i- -2 
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Fa lines to fonn 4 was similar to their reaction to the collection. 
However, two lines which showed a resistant reaction to the collec¬ 
tion had mostly class 0 plants when inoculated with form 4. In addi¬ 
tion, one line was predominantly class 0 with the collection, but when 
tested with form 4, seven of the eight plants were in class 1 . It seems 
probable that these exceptions may be the result of environmental 
fluctuations rather than true genetical difi’erences. Semiresistant 
segregates in two linos both when inoculated with the collection and 
with form 4, and the susceptible segregates in two lines when tested 
with form 4 , may have resulted from the lack of allelism of the fac¬ 
tors for resistance of C. I. 712 and the factor for immunity in Ottawa 
770B or from the segregation of minor modifying factors. No evi¬ 
dence was available in this cross for determining wliich alternative 
is correct. 


Table 12 .—Correlation table showing the reaction * of F-i lines of Oitaxva 770 B X C. I. 
712 to collection of rust in greenhouse and to form 4 







Koaclioii to collection 



Reacliou to form 4 



1 

-- 

1. R 

I. SR 

U 

Total 

I. 

I. K. 

I, PH_ . 
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.... 


\ umber 

6 

Xurnher 

ii 

Nu mbi r 

r 

A'w mber 

2 

S'umb(r 

J1 

9 

1 

1, SR, S. 

I, R, S. 

R. 

-- - 

- --- 


. 

.1 

i'" 1 

: 1 

i 7 i 

! 1 
i " 

Total--- 



- _ 1 

7 ' 

12 

2 

1 

1 :{() 






i 


1 See footnote 1, table 5. 


Only class 0 , 1 , and 2 , and 3 segregates were obtained in the 29 F.^ 
lines of C. I. 712 X C. I. 438 when inoculated with the collection. 
Combining classes 1 , 2 , and 3 into a resistant group, the ratio of F^ 
lines was 10 immune: 13 segregating :6 resistant, for fit of this 
ratio to a 1 : 2:1 gave a value of P between 0.30 and 0.50. Seed w as 
available for testing with form 4 of only 26 of the F^ lines of this cross, 
and, of these, 14 contained only class () plants, 11 contained predomi¬ 
nantly class 0 with class 1 , 2 , or 3 segregates in addition, and I line 
contained predominantly class 1 and 2 plants with 1 class 0 plant. 
This single line seemed to resemble C. 1. 712 in reaction to rust. 
These results are similar to those obtained wdth C. 1. 438 X Newland, 
and may bo explained by assuming that C. I. 438 carries at least tw o 
factors for rust reaction, one conditioning immunity from both the 
collection and form 4, the other conditioning resistance to the collec¬ 
tion and immunity from form 4. 

The data on C. I. 712 X Newland are presented in table 13. 

Of the 31 F 3 families of this cross, 18 contained susceptible or class 
5 segregates, or both susceptible and class 5 plants when tested with 
the collection. The occurrence of these class 5 and susceptible segre¬ 
gates indicates that the resistance of C. I. 712 is not allelic to the im¬ 
munity of Newland. J'urther, the proportion of lines showing sus- 
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ceptible segregates suggests that not more than two pairs of factors 
were involved. Considering the class 1 , 2, 3, 5, and the susceptible 
plants together, the ratio of Fa lines was 7 immune: 14 segregating : 10 
not immune. Two of the lines classed as not immune each contained 
a single class 0 plant, but, since immunity is dominant, it is improbable 
that these plants resulted from gcnetical segregation. The fit of this 
observed ratio to a 1 : 2:1 is good, P lying between 0.50 and 0.70. 
Total for goodness of fit to a 3:1 ratio within the segregating Fa 
lines gave P between 0.30 and 0.50. These results are in agreement 
with the assumption of a single dominant factor conditioning the 
immunity of Nes\land. Tlie reaction of the F 3 lines to form 4 seems, 
in general, to be similar to their reaction to the collection, particularly 
when the small number of plants per line is considered. 

Tablk Reaction of parents and of Fi and generations of C. I. 71J X Newland 
to colleUion of rust in greenhouse and to form { 


Pluntb ia rust class iudicated when inoculated v dh— 
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Immunk X Semiresistakt 

In the cross Ottawa 770B X Redwing the two Fj plants w^ere im¬ 
mune like Ottawa 770B, while the plants of Redwing were placed in 
classes 5 and 9. The data on the reaction of 03 F 3 lines to the collec¬ 
tion and to form 4 are summarized in table 14. 
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Table 14 .—Correlation table showing the reaction^ of lines of Ottawa 770B X 
Redwing to collection of rust in greenhouse and to form 4 
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1 See footnote 1, table b. 


The variRbility of the Redwing parent, in which botli semi resistant 
(class o) and susceptible plants occurred, illustrates the <lifriculty of 
forrnulating a gcnctical explanation of the occurrence of the scini- 
resistaiit segregates. Considering the serniresistant and suscei)tibl(' 
segregates together in the material inoculated with the colle(‘ti()n, tlie 
ratio of the 63 F 3 lines was 15 immune: 34 segregating: 14 not immune. 
A comparison of this ratio with a 1 : 2:1 ratio by means of gave a 
P value of 0.80 to 0.90. Total fnr Ht to a 3‘. 1 ratio within the 
segregating F 3 families was 25.171 with 34 degrees of freedom. Tlie 
normal deviate was —1.09± 1 , indicating that the deviation from tlie 
expected within the segregating F 3 families was within the errors of 
random sampling. 

The principal differences betw^ecn the reaction to the collection and 
to form 4 of these 63 F 3 lines were found in the serniresistant and sus¬ 
ceptible classes. Since the class 4 an(f 5 type of reaction w as variable 
these differences may Jiave represented variations due to environment. 
Considering the immune as contrasted to the not immune segregates, 
the agreement of reaction to the collection and to form 4 was nearly 
complete. One line wdiich was segregating wdth the collectirm was 
classed as immune from form 4. These results indi(‘ate that the 
factor conditioning immunity from the collection likew ise conditions 
immunity from form 4. 

The data on the reaction of the F 3 families of Ottawa 77()B X Bison 
are given in table 15. 

No check plants of either parent inoculated at the same time as 
the hybrid material were available in studying this cross. Immune, 
class 5, and susceptible segregates occurred in the 30 F 3 lines when 
inoculated with the collection. Here again it is imi)ossi))le to offer 
a factorial explanation for the occurrence of class 5 segregates. 
Combining the class 5 and susceptible segregates, the ratio of Kg lines 
w as 10 immune : 9 segregating : 11 not immune, x^ for fit to a 1 : 2 : 1 
ratio gave a value of P between 0.05 and . 010 . Total x^ for fit to a 3 : 1 
ratio within the segregating Fg lines gave a P value betw^een 0.70 and 
0.80, a good fit of observed to calculated. The reaction of the Fg lines 
of this cross to form 4 indicates that the factor conditioning immunity 
from tlie collection likewise conditions immunity from form 4 . When 
these Fg lines are inoculated with fonn 4, class 2 and a number of 
(‘lass 3 segregates occurred. Likewise, Bison, in other tests, contained 
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some cjuss 2 Hiul dass 3 plaiitn when inoculated with fonn -1. No 
factorial exiilanatioii of tlicsc results scejns possible. 

Table Ih.—Reaction of h\ families of Ottawa 770B X Bisoyt to a collection of rust 
in greenhouse and to form 4 
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In Ottawa 77()H X Pale Blue and Ottawa 770B X C. I. 479, the not 
inunune sep'ep:ates a arie<l from class (> to class 10. Since, as already 
])ointe<l out, these five classes probably represent only iluctuations 
du(^ to (‘iivironinent, they liave been combined in the f^enetical analysis 
of these crosses into a susceiitible p’oup. The data on these two 
crowsses when inoculated Avith the collection of rust are summarized 
in table KL 

Table Iti. —Reaction of parents, and of Fi and families of Ottawa 7?0B X Pale 
Blue and Ottawa 7 7()B v (\ /. 47 f) to collection of rust in greenhouse 



Puronl or pcnorufHm -------;--—'— 

Immune SepregalmK Susceptible 


! 


Pale Blue. . do . ..: 3s 

Fj. - do f. .... 

Fs. .lines ' U 33 10 

Ottawa 770B . - - - plains 3s . 

C. 1.479. -do ' . .. .. 30 

F% .. - . . ..- _lines..I 13 34 17 














652 Journal of Agricultural Research voi 55 , no. 9 


hi Ottawa 770B X Talc BJuo, iha F, was inumiiic liko Ottawa 770B. 
Tlie fit of the F 3 lines to a 1 : 2 : 1 ratio was ^ood, P lyin^ between 
0.30 aTid 0.50. Total for lit to a 3 : J ratio within tlie segregating 
F 3 lines was 33.788 with 33 degrees of freedom. The normal deviate 
of 0.16 ± 1 was clearly not statistically significant. Jikew’ise, in 
Ottaw^a 770B X O, 1. 479, the lit of the F 3 lines to the theoretical 
1 : 2:1 ratio w^as good, P lying betwH^en 0.50 and 0.70. Total x^ 
for fit to a 3 : 1 ratio within the segregating F 3 lines was 26.618 and 
the normal deviate was —0.889 ± 1 . Tims the deviation from the 
expected ratio was again within the errors of random sampling. 
These results strongly support the hyi)othesis of a single dominant 
factor determining the immunity of Ottawa 770B. The relation of 
the reaction of the F 3 lines of Ottawa 770B X Pale Blue when inocu¬ 
lated with the collection to their reaction witli form 4 is sliown in 
table 17. The agreement of react'on in this cross is complete. A 


Table 17. —Correlation table showing the reaction of F-a lines of Otlaxm 770B X Pole 
Blue and Ottawa 770B X C. /. .<^7.9 to collection of rust in greenhouse and to form 4 
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similar comparison for Ottawa 770B X C. I. 479 is also shown in 
table 17. In this cross the agreement is again complete except for 
two lines. These two e,\ce])tions have probably resulted from the 
chance failure to recover recessive segregates among the progeny of 
heterozygous F 2 plants. It seems probable that, in these crosses, the 
factor for immunity from the collection of rust likewise conditions 
immunity from form 4. 

The data on the reaction to the collection of rust or the parents and 
F 2 generation of (1 I. 479 X Bolley Golden are presented in table 18 


Table IH.'—Reaction of parents and F% generation of C. /. 479 X Bolley Golden lo 
collection of rust in greenhouse 
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Combining classes 1 and 2 into a resistant group and classes 7, 9, 
and 10 into a susceptible group, the F 2 ratio was 246 immune : 65 re¬ 
sistant :24 susceptiole. x" for lit of this ratio to an expected ratio 
of 12 : 3:1 gave a value of P between 0.70 and 0.80. The results in the 
55 F 3 lines are summarized in table 19. 


Table 19.- -F 3 lines of C. /. 4^.9 X Holley Golden^ grouped according to their 
breeding hehaidor when tested with a collection of rust in greenhouse, and ike ex^ 
peeled ratio on the basis of tvH) factor pairs ^ one for immunity and one for resistance 



(combining the last three classes be(*ause of the small numbers, x^ 
for goodness of fit was 15.109, a value in excess of x^ for the 1-percent 
]K)int. The greatest deviation of observed from calculated occurs 
in the Fg lines segregating for immune, resistant, and susceptible and 
in those segregating for immune and resistant. In the lines segregat¬ 
ing for immune, resistant, and susceptible, on the assumption of two 
pairs of factors, only one-sixteenth of the plants in the line should be 
susceptible. Since the average number of plants per Fg line was only 
10 . 02 , susceptible segregates would frequently not be obtained among 
the progeny of Fg plants heterozygous for both pairs of factors, in 
which case the line would be incorrectly classed as segregating for 
immune and resistant. vSince tlie numbers arc too small to permit 
the accurate difrerentiation of these tveo classes, it seenns logical to 
combine them in the analysis. x“ for comparing the observed and 
calculated ratios after combining these two classes, and also combining 
the last three classes in table 19, gave a value of P between 0.50 and 
0.70. These results indicate that the immune strain of Bolley Golden 
carries a dominant factor conditioning immunity and a dominant 
factor for resistance to the collection of rust, the factor for immunity 
being e])istatic to the factor for resistance. 


Table 20.- Correlation table showing the reartio7i^ of Felines of C.I. 41'^ X Holley 
Golden to collection of rust in greenhouse and to form 4 



* See footnote 1 , table 5 . 
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Seed of 50 of the F 3 lines of this cross was available also for testing 
with form 4. The relation of their reaction to form 4 with their 
reaction to the collection is shown in table 20 . Although several 
deviations from an exact agreement occur, these differences could 
have resulted from a failure to recover recessive segregates in some 
cases owing to the small number of plants per line. 

Near Immune X Resistant 

Thirty-four F 3 lines of C. I. 416-3XC. I. 712, averaging 11.0 
plants per line, were inoculated with the collection of rust. Because 
of the overlapping of the near-immune and resistant reaction, it was 
impossible to distinguish near-immune from resistant segregates. 
Consequently, the genetic factors dilTerentiating near immunity and 
resistance could not be determined in this cross. In addition to near- 
immune and resistant segregates, 3 of the 34 F 3 lines each contained 
a single serairesistant plant and 1 line contained a susceptible segre¬ 
gate when inoculated with the collection. When plants of the F 3 
lines were inoculated with form 4, six lines contained semiresistant and 


Table 21. —Reaction of parents^ and of Fx and Fz generations of C. I. TliH X {Long 
X E) to collection of rust in greenhouse and to form. 4 


riauts in rust class indicated when inoculated v, ith 



— 

-- 

— 

— 

— 

— 

— 

—. 

■* — 

- - 

Parent or generation 



Colled ion 




Form 4 


0 

! 1 

2 

1 - - 

i " 


0 

■ 

2 

' 

. 


No 

No 

No 

1 

! No 

X.. 

No 

No 

No 

. 

No 

No , 

C. I 712... . .... 

14 





i l<) 

7 


1 

Long X E... 


12 

6 


1 

... I 

12 

1 


Fi .. 

4 

1 




1 

1 

- 


O.I 712. 

9 

12 




1 16 

4 



I.rong X E. 

6 

12 




i 14 

1 



Fs foniiliis: 










(J142 4 . 

3 

6 


1 


1 1 

12 

3 


014lMi. 

1 

2 

10 

4 

.. 


3 

12 

1 

6142-8_ . .. 

1 

3 

7 

3 

1 


12 

6 

1 

6142-9. 

1 

1 

4 1 

- 



2 

() 

1 i 

6142-2_ . . 

2 


8 

4 



•j 


8 

1 

6142 6. 


1 

2 

2 

. ... 



1 

7 

3 [ 

6142-10_ -- 


6 


3 



1 

16 

3 

1 

6142-7. 

1 

1 

9 

2 

.. .. 

2 


1 

13 

: 

6142-3_ . - 

1 

2 

4 

4 

1 



6 


1 1 

614;^-l .- .. 

1 

2 

6 

1 

-- 

1 

1 

8 1 

3 

1 ! 

6139-2..-. . . . 

14 






10 

4 

3 

- 1 

6139-4. 

18 






17 




6139-6. 

14 






12 

2 


1 

6139-8 .- 

16 









6139-10. I 

12 

! . . 




i ^ 

2 


i 1 

513916 _ ' 

14 





. ! 16 

I 


! "I 

6139-17 ... - i 

16 



. 


_ ' 14 

3 


i " ! 

6139-3 

n 

1 1 

- 



. ' 10 

^ 1 


i 1 

5139 6 . 

13 






14 



i . 1 

6139 7_ 

3 ' 

3 






! 



5139-9 . 

13 1 

i ^ 





io 

1 3 1 



6139-11.. 

16 ! 

‘ 1 1 





13 


j 


5139-14. ... 

12 

i 1 j 





4 

^ 2 



6139-16 . 

11 

t 2 





1 

1 



5139-19.. .. .... 

3 

i 2 






j 9 



6139-23 ... 

10 

1 





6 

1 1 


'"-J 

6139-36. 

6 

1 





1 




6139-27 _ . . 

12 

4 





12 

2 



6139-28 --- __ 1 

8 

4 





8 

3 



6139-25 .. - 

12 

1 

2 




4 

2 



6139-24 .1 

t 


6 



.rJ 

. 


4 

‘"'1 
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Reaction to the collection of rust of parents and Fi plants: A, Bolley Golden x Pale Blue; B, Bolley 
Golden X Abyssinian Yellow; C, Light Mauve x Bison. 
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two linos susooptible segregates. These soniiresistant and suse(^|)tihl<^ 
segregates may have resulted from the absence of allelism of factors 
conditioning near immunity and resistance in the two parents or 
from the segrefjation of minor modifying factors. InsufTicient data 
were available in this cross for selecting between these alternatives. 

The results obtained in C. I. 712X (I^ng X E) are given in table 21 . 

One striking feature of the reaction of the F 3 lines when inoculated 
with the collection was observed. In the progeny of F 2 family 6142 
the plants were predominantly class 1 , 2, and 3 with a few segregates 
also in class 0 . In addition, 3 lines out of the 10 showed susceptible 
segregates. On the other hand, progeny of F 2 family 5139 were 
predominantly class 0 , 14 of the 21 Fg families also having segregates 
in (‘lass 1 and 2 . This sharp diihueiice between F 2 families indicates 
(hat the two Fi ])lants were gcmetically dilferent, ])robably as a ivsult 
of heterozygosity for factors foi* rust reaction of one or both of the 
panmtal limjs. A similar situation obtained in the material tested 
with form 4. 

Neah Immcxe X Semikerihtant 

One cross of near immune X semiresistant, i. e.. Light Mauve X 
Redw ing, w^as studied. When inoculated early in the fall, some plants 
of Redwing were placed in classes 4 and 5 and some were classed as 
susceptible. However, the cross Light Mauve X Redwing was 
inoculated on November 23 when the light intensity and duration 
w-cre much redu(*(Hl, and at this time Redwing gave uniformly a sus¬ 
ceptible naiction, as is s(^en in table 22 . 

T\hle 22. -Nearfion of parents and of Fi and F 2 generations of Light Mauve 
Redwing to a collection of rust in greenhouse 


I’mont i>r m'tinrut jr>n 


Phinl.s Mans inj* uidjctiled 


0 ; \ 





liodw iijf!: 

.\ituivv 
Pi - 

l.ifiht Niaine 

K 2 - . 


yamhir 


Ntimhtr 


4 


i: 3 

113 21) 


\ umber ' 

\umfnr ' 

Xuinber « 

N u mbtr 




1(1 

ir. 




: 

2 1 


JK 

1 

4 , 

il 

32 


In the additional crossc's made in 1934, a resistant plant of Light 
Mauve was used. The four Fi plants were classed as two class 2 
and two class 3 (pi. 3, C). Thus, the resistance of Liglit Mauve was 
nearly completely dominant to the susceptibilitv of Redwing. 

Since the Light Mauve j>lants which descenefed from tlie original 
parent of the F 2 «nd Fg generations occurred in both (iass 0 arnl 
class 1 , it secuned logical in the analysis of the sc'gregating populations 
to group the (iass 0 and class 1 segregates. In addition, the results 
with the Fi plants indicate that class 3 was not greatly diiferent ge¬ 
netically from class 2 but instead may have represented a fluctuation 
due to environment. It is interesting to note that the class 1 , 2 , and 3 
plants in the Fa generation made up 18.1 percent of the near-immune 
group (classes 0 , 1 , 2 , and 3), wiiereas 15 percent of the Liglit Mauve 
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j)lants Avero (*hissifio(l as class 1 . Conibiainp tlio class 5 and suscep¬ 
tible plants, the ratio in F 2 was 138 near ininiune:43 semiresistant 
and susceptible plants, for jfit of this ratio to a 3 :1 gave a value 
of P between 0.50 and 0.70. This indicates that a single major factor 
pair differentiates Light Mauve and Redwing as regards reaction to 
the collection of rust. Twenty-six F 3 lines, averaging 7.63 plants per 
line, were studied and a ratio of 11 near immune :7 segregating ;8 
semiresistant and susceptible F 3 lines was obtained, x^ for fit to a 
1 : 2:1 ratio gave a value of P between 0.02 and 0.05, such a deviation 
being expected only 2 to 5 times out of 100 trials due to chance alone. 
However, with the small number of plants per F 3 line, it is probable 
that some lines were incorrectly classified, particularly those classed 
as near immune because of failure to recover the expected recessive 
segregates. Insufficient seed of tlio F 3 lines of tins cross was availabh^ 
for testing with form 4. 

Resistant X Semihesistant 

The data on rust reaction of the parents, and of the Fi and F^ 
generations of Light Mauve X Bison are presented in table 23. 


Table 23 .—Reaction of parents and Fi and Fn generations of Light Mauve X Risori 
to collection of rust in greenhouse and to form \ 


Plants showing indicated reaction when inoculated wdh- 


Parent oi generation 


Collect ion 


Form 4 


Tnght Mauve 

Bison. 

Ft _ 

F2_ 


! ' 1 ' ■ I 

1(2 3 I 5 ! 7 ■ 0 1 1 2,3 



In the material inoculated with the collection, the five Fi plants 
were placed in classes 1 , 2 , and 3 (pi. 2 , C), the resistance of light 
Mauve being almost completely dominant over the semiresistance of 
Bison. The overlapping of Bison and the F, in class 3 was a source 
of difficulty in analyzing the data, particularly in the F 2 . On the 
basis of parental reaction, 10.5 percent of the plants of the genotype of 
Bison should occur in class 3. If the 21 plants in classes 5 and 7 arc 
used as the basis for calculating the Fj plants with the same genotype 
as Bison, 2.5 of the class 3 plants should he of that genotype. C\)m- 
bining the remaining cla.ss 3 plants with the resistant group, since the 
data on Fi indicates that part of the heterozygous plants will also be 
in class 3, the ratio was 122.5:23.5. x* for fit of this ratio to a 3:1 gave 
a value of P slightly above 0 . 01 . Twenty-nine F 3 lines were inoculated 
with the collection and a ratio of 9 resistant: 12 segregating : 8 semi¬ 
resistant and susceptible lines was obtained. Five of the eight lines 
classed as semiresistant and suscejptible contained class 3 plants, but, 
since cl^s 3 plants also occur in Bison, this seemed legitimate. When 
this ratio was compared with a 1 : 2:1 by means of P was between 
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()./>() Mild 0.70. The results in mdietiie that, altlioush the deviation 
from the expected was rather large in ¥29 flight Mauve is ])r()bably 
differentiated from Bison by a single major factor conditioning 
resistance to the collection of rust. 

Since classes 0 , ], and 2 plants occurred in Light Mauve when tested 
to form 4, these were combined in analyzing the F 2 data on reaction 
to form 4. Likewise, classes 3 and 5 both were found in Bison and 
these two classes were also combined in F 2 - This gave a ratio of 
100:17. lit of this ratio to 15:1 gave a value of P between 0.05 

and 0 . 10 , suggesting that the resistance of Light Mauve to form 4 may 
be conditioned by duplicate factors. Unfortunately, insufficient seed 
of the F 3 lines was available for a satisfactory test of their reaction 
to form 4 . Tliercfore it was impossible to draw definite conclusions 
regarding the inheritance of resistance to form 4 in this cross. 

The reaction of the parents, Fi and F 2 generations of C.I. 391 X Light 
Mauve to the collection, is given in table 24. 

Table 24,—Reaction of parents and of Fi and F‘> generatiojis of C. I. SOI X Light 
Mauve to collection of rust in greenhouse 


I'aront or pciiorntiou 


(' I 391 . 

J.igMt .\raii\c 
■ K, , . . . 
Fa. 


I Plants sh()\v ing indicattHl reaction 



; Xvvibtr I Number > Xurnbir | Number - .V«m6fr 

.:. 1 14 1 16 

H 26 .!. 

. 4 . 1 ). 

I y . 67 ■ 11 II 1 19 


All plants of Light Mauve were placed in classes 1 and 2 , while the 
plants of U. I. 391 were placed in classes 5 and 7. Of the five Fj plants, 
four were placed in class 2 (pi. 3, .jI) and one was placed in class 5. 
Since (\ I. 391 was used as tlie female parent, it is probable that this 
single (‘lass 5 plant was selfed C. 1 . 391 rather than a hybrid. In the 
F 2 , combining class 3 with the resistant group and considering classes 
5 and 7 together, a ratio of 87 resistant : 24 semiresistant and sus¬ 
ceptible plants is obtained. The fit to a 3:1 ratio is good, P lying 
between 0.30 and 0.50, thus supporting the evidence of a single 
dominant factor conditioning the resistance of Light Mauve to the 
collection. 

Hesiktant X Susceptible 

Two crosses of resistant X susceptible, involving Bolley (lolden 
with Pale Blue and with Abyssinian Yellow were studied. All plants 
of Bolley (lolden inoculated as checks with these crosses were placed 
in classes 1 and 2 , whereas all check plants of Pale Blue and Abyssinian 
Yellow were in class 7. The hybrid plants, both in F 2 and F 3 , (iccurred 
in classes 1 , 2, 0 , and 7. In tlie analysis of the data, classes 1 and 2 
wore combined into a resistant group, while classes 6 and 7 were 
considered as susceptible. This seemed logical not only on the basis 
of parental reaction, but also because of the sharp difference between 
the segregates of the two different groups. The data on the reaction 
of these tw^o crosses to the collection of rust are summarized in table 25. 
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TAHiiK 25. UvavtioH of parcvlit and of /'V Fj, and F,\ genvraliom of Hollcp Golden, 
X Pale lilue and Holley Golden > Abyssinian Velloio to collection of rust in 
greenhouse 


Parent or generation 


Bolley Gulden. 

Pale Blue.. 

F,. 

F2 .. 

F,. 

Bolley Golden _ 

\l>yssinian Yellow _ 

Fi .. . 

Fa - _ 

V\i .. 

In both crosses, the Fi })lanis were resistant (pi. 2 , A and B). In the 
Fo generation of Bolley (iolden X Bale Blue, x" a 3:1 ratio 

gave a value of P between 0.80 and 0.90. Comparing the ratio of F 3 
lines to 1 : 2:1 by means of gtive, in this case, a value of P between 
0.80 and 0.90. The total x“ lit to a 3 :1 ratio witliin the segregating 
F 3 lines was 5.351 and P was in ex(*ess of 0.99. Sucli a good fit is 
expected less than once in 100 trials. However, the number of plants 
per F 3 line was only 10.3 and such a low x^ value may have resulted, 
in part at least, from the small numbers. 

In the F 2 generation of Bolley Oolden X Abyssinian Yellow, x'h)r 
fit to a 3:1 ratio gave a P value between 0.95 and 0.98. Wlien the 
ratio of F 3 lines was compared with a 1 : 2:1 ratio, P lies between 0.01 
and 0 . 02 . However, the averap* number of plants })er Fj line was 
only 10 . 4 . Therefore, susceptible segregates would not always b(‘ 
recovered in the progeny of heterozygous F 2 plants, in which case the 
lines would be classed as re.sistant. Total x“ for fit to a 3 :1 ratio within 
the segregating F 3 lines gav e a P value between 0.98 and 0.99. Also 
in this case the low’ x‘’ value may have resulted from the small nmnber 
of plants in the lines. The prepomlerance of evidence in tlicse two 
crosses is in support of the assum])tion of a single dominant factor 
conditioning the resistance' of Bolley Ciolden to the collection, a 
hypothesis .suggested by the results obtained in Ottawui 770B X Bolley 
(lolden. Material of these two crosses was likewise tested with fonn 
4, and the data on the reaction of parents and Fj and Fo generations 
are given in table 20 . 

Table 26 .— Reaction of parents, and of F \ and F2 generations of Bolley Golden /' 
Pale Blue and Bolley Golden, X Abyssinian Yellow inform 4 


Plants or lines showing indicated reaction 


plants 

, -do_ 

. .do.. 

.do .. 
. lines 
plants 
do 
do. 

«io 

lines 


K<*.si.mant 


i 

22 .') 


1(H) 

12 


Segregating 


Susceptible 


7:t 

9 


'M 


56 

15 


Plants showing indicated reaction 


0 


Nurnher 

20 


1 

2 

i 7 

1 

Numhfr \ 

Numbrr 

Number 



JS 

14 

4 



IS 

.42 

103 

39 

34 

3 

:iH 

64 ; 

.62' 

53 


Parent or generation 


Bolley Golden.. . 

Pale Blue.- 

Fi. 

Bolley Golden.,., 

Pale Blue. 

Fa. 

Bolley Golden.. .. 
Abyssinian Yellow, 
F*.— 
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The 20 plants of Bolley (iolden that were progeny of the plant used 
in the cross with Pale Blue in the summer of 1934 were all class 0 when 
inoculated with form 4. Likewise, the four Fi plants were class 0 . 
The 18 plants of Bolley Golden ^^hJch were progeny of the original 
parent of the cross from which the F 2 material of Bolley Golden X Pale 
Blue descended were placed in classes 1 and 2 . All plants of Palo Blue 
were in class 7, i. e., susceptible. C^ombining the class 1 and 2 segre¬ 
gates in F 2 into a resistant group, the ratio was 145:39. for fit of 
this ratio to 3:1 gave a P value between 0.20 and 0.30. In Bolley 
Golden X Abyssinian Yellow, combining classes 1 and 2 , a ratio of 
120:53 was obtained, for fit to a 3 :1 ratio gave a P value between 
0.10 and 0 . 20 . 

The association of the reaction of the F 3 lin(*s of Bolley Golden X 
Pale Blue to the collection with their rcac'tion to form 4 is shown in 
table 27. It can be seen from these data that the agreement is almost 
coniplete. In the one line classed as resistant to the collection and 
segregating with form 4, only nine plants were tested to the collection. 
Likewise, in the two lines classed as segregating with the collection 
and resistant to fonn 4, only six and four plants, resp(*ctively, were 
tested with form 4. A similar situation is shown in table 27 for the 
lines of Bolley Golden X Abyssinian Yellow. 

Tahle 27.— Correlation table showing the reaction of Fa liytes of Bolley Golden 
Bale Blue and Bolley Golden jihysstnian Yellow t(> collet hon of rust in green¬ 
house and to fonn \ 

aoLI.K^ (lOl.DKN X CALK Bl.T’F. 


HemMjon to collection 


Hcachon t(» form I 



Resist ftiil 

beKrcmitinc 

SuscepuLle 

Total 


’ y^umbtr 

' Xttnthtr 

A It mbtt 

Xu mhfr 

KcsmfJiii! 

• c, 

•j , 


8 

ScKrcK lime 

1 

10 


11 

SiisccpiiLle 



’9 

9 

Total 

i 7 ’ 

12 , 

9 

2 s 


Uc.sihtanl 
Semeutitmu: 
Siiscei»lihle . 

'J'ofnI . 


noLLFY C.Ol.DEN X \HVSS1MA\ YELLOW 


In the one line classified as resistant to the collection and segre¬ 
gating with form 4, only eight plants were tested to the collection. 
These results indicate that the factor which conditions the resistance 
of Bollec (Jolden to the collection also determines its resistance to 
form 4. 

Semiresistant X Husceptible 

Tlio (lata on reaction of parents and Fi and generations of 0. 1 . 
479 X Bison and Pale Blue X Bison to the collection, are summarized 
in table 28. 
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Table 28. —Reaction * of parents and of F\ and Fs generations of C. /. 479 X Bison 
and Pale Blue X Bison to collection of rust in greenhouse 


Parent or genenitlon 


Number of plants oi lines showing 
irniieatecl rouetion 


sn 


SR, S S 


C. T 479..... ..plants. 

Bison... , _ _ . - ... 

Fi. . . do ... 

F-i ..- _ . -- .. _ .lines.. 

Pale Blue.. ... ... . plants. 

Bison.. . .. do- 

Fi.. .-.. do .. 

Fa.. , ...linos.. 


26 

4 

7 


20 


:u 

11 

i 

40 



67 


1 See footnote 1. table 6. 


In C. I. 479 X Bison, all of the plants of C. I. 479 were classified as 
susceptible. The plants of Bison varied from semiresistant to sus¬ 
ceptible and the four Fj plants were placed in class 5 , indicating dom¬ 
inance of semiresistance in this case. Of the 31 F 3 lines studied, 7 
contained only semiresistant (class 4 and 5) plants, 20 contained 
both semiresistant and susceptible segregates, and 4 were classed as 
susceptible. One of the four susceptible lines also contained a single 
class 5 plant which might have resulted from genetical segregation or 
which might have been a natural hybrid. In view of the variability of 
Bison from semiresistant to susceptible, an attempt to give an exact 
factorial explanation of the results obtained in this cross does not 
seem expedient When these lines were inoculated with form 4, 
class 3 segregates occurred in 10 of the lines. Likewise, 4 of the 34 
plants of Bison were placed in class 3. Again no factorial explanation 
of the results could be given. 

AU of the plants of Bison, Pale Blue, and the Fj of the cross Pale 
Blue X Bison were classed as susceptible. This behavior of Bison is 
unique so far as these studies are concerned, although Flor Ui) re¬ 
ported Bison as susceptible in his studies of greenhouse reaction. 
The variability of the reaction of Bison from semiresistant to siis- 
ceptible in other inoculations in this experiment indicates that its 
reaction may be readily influenced by the environment. Therefore, 
it is perhaps not surprising to find conditions under which all plants 
of Bison are susceptible. In the 64 F 3 lines of this cross, 27 contained 
both class 4 and susceptible plants, the remaining 37 lines being sus¬ 
ceptible. Again, in this cross, it does not seem possible to give a 
factorial explanation of the results. 


Crosses Involving C. I. 6IU 

Since the analysis of the reaction of the check plants of C. I. 049 
showed that this variety was quite variable in its rust reaction, it 
seemed desirable to discuss the crosses in which it was involved 
together. 

The reaction of the parents and Kg generation of Ottawa 770B X 
C. I. 049 to a collection of rust is shown in table 29. 

The plants of C. I. 049 ranged in reaction from class 1 to class 5 . 
Combining these four classes in the Fg generation, the Fg plants are 
found to occur in the ratio of 426:134:31. for fit of this ratio to a 
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12:3:1 gave a value of P between 0.02 and 0.05. Thus a deviation 
as great or greater than this would be expected by chance only 2 to 5 
times in 100 trials. 

Table 2 {).—Reaction of parents and F 2 generation of Ottawa 770B X C. L 6ltd 
to collection of rust in greenhouse 



1 

Plants showing indicated reaction 


Parent or generation 

1 _ 

, -- ~ 

- 

. _ - 

— - 



0 

1 


3 

5 

7 


Number 

Number 

K umber 

Number 

Number 

Numbn 

Ottawa 770W_ . .... ... 

75 1 






r. 1.049.. 

- .1 


*”"5 

35* 

k) 1 


F2 ...-. ... 

420 

27 

« 1 

1 

51 

1 

50 

31 


In the crosses involving C. I. 649 with Light Mauve and with the 
three seiniresistant varieties, Bison, Redwing, and C. I. 391, consider¬ 
able killing of the hybrid material as well as the plants of C. I. 649 
occurred in the incubators when an incubation period of 48 hours was 
used. All material of these crosses w^as replanted and an incubation 
period of 24 hours was used. Almost no injury occurred with this 
shorter period in the incubators. However, this necessity of re¬ 
planting reduced the supply of seed so that insuflicient seed was avail¬ 
able for testing with form 4. The reaction to tlie collection of rust 
of parents, Fi, Fo, and F 3 generations of these crosses is summarized 
in table 30. No factorial explanation can be given for the results in 
tliese crosses, although it seems probable that multiple factors were 
involved in determining the type of reaction of C. I. 649. 

Table 30. —Reacdion ^ of pare7ifHy and of F], Fn, and F% generations of crosses 
invohing C. I. OJtd to collection of rust in greenhouse 


Mauvf 

F,.. 

Fi 

r I n49 
Hison-. 

F,., - 

F2. 


r ] fi4v» .... 
Hedw iiiR-,.. 

Fi . - 

F2. 

F^. 

C 1.391, ... 
C, I. tH9 

F,. 

F?. 


Kumt»er of plants or lines showing indicated reaction 


i ' i 

n !i{,sii,6; R,sR : k,s 


SK 


8R,S 


plants 

do,. 

lines 

plani.s 

---do - 
.. do--- 
-. Hues 
plants 
..do .. 
-do ... 


...do . 
lines- 
Iilauts 
.. do. . 
..do. - 
-„do..-. 


IN .I 

.•) '., 

17 I 5 . 

17 , . . 

■.r --i; 

50 ...- 


34 
43 ' 


!_ 


13 


11 


25 I .... ’ 

4 . .... . 

57 ! . .. . 

1 I 

5 i 

L._ . 

3 .... i 

52 s_ i 

2 i 6 i 

II .! 


137 


I 

30 


19 

”7 


Sec footnote 1, table 5. 


Correlation of Field and Ckeentjouse Ueaction 

For the plant breeder, a knowledge of the extent of eoirelation of 
field reaction with the rust reaction of young plants in the green¬ 
house is of considerable importance. The reaction of the parents 
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both under field conditions and in the greenhouse has already been 
discussed. Two varieties, Long X E and C. 1. 416-3, which showed 
a near-immune reaction in the greenhouse, and C. I. 712, resistant 
under greenhouse conditions, were immune in the field. The reaction 
of the other varieties in the greenhouse was comparable to their field 
reaction, except C. 1. 649, which was somewhat less resistant in the 
greenhouse than in the field. 

The critical test of whether the same genetic factors govern field 
and greenhouse reaction is afforded by a study of hybrid material. 
Such information was available in only two crosses in this study. 
Progenies of 54 of the 55 Fo plants of Ottawa 770B X Pale Blue, 
which were studied in tlic field, were inoculated in the greenhouse 
both with the collectioji and with form 4. Of the 44 F 2 plants that 
were immune in the field, 11 had onl}^ immune progeny in the green¬ 
house, while the progeny of 33 plants segregated for immune and 
susceptible. The 10 F 2 plants that were susceptible in the field had 
only susceptible i)rogeny in the greenhouse. Tlie rust reaction in the 
ficlS of 99 F 3 lines of Ottawa 770B X Redwing has been discussed. 
Seed was available for testing in the greenhouse of 92 of these lines 
and they were inoculated with form 4. The relation between the' 
field reaction and the reaction to form 4 of th(^ F 3 lines is shown in 
table 31. 

Table 81. —Correlation iohle showing the reaction of F.} lines of Ottawa 7?OB >' 
Redwing to rust in the field and to form 4 in the greenhouse 


Keactioii to form 4 


Iniiiiune.. 

Segregating-- -- 

Husted,,. __ 

Total . _ 


Lines showing indicated field reaction 


Immune 

j SegiegatiDK 

1 Rusted j 

i 

Total 

Number 

Number 

I Number | 

Number 

27 

i 2 


29 

. 

' 42 

21 'j 

42 

21 

27 

i ^! 

21 [ 

92 


The results obtained iii these two crosses indicate that the same 
genetic factor conditions the immunity of Ottawa 770IJ in the green¬ 
house and in the field. 

# DISCUSSION 

A summary of the reaction to the collection of rust in intercrosses of 
the immune, near-immune, and resistant varieties and the suggested 
genotypes of these varieties are presented in table 32. 

The results obtained in all of these crosses except those involving 
Long X E can be explained by assuming factors in two different 
allelic series, in which L and M are duplicate factors conditioning 
immunity from the collection. I” and m" are duplicate factors con¬ 
ditioning near immunity, Z" being allelic to L and m” allelic to M. 
r and m' are duplicate factors conditioning resistance to the collec¬ 
tion, I' being allelic to L and I” and m’’ beii^ allelic to M and m". 
On this basis, susceptible segregates or varieties ivould carry the 
recessive allels in each series and would be of the genotype ll mm. 
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Table 32.— Summary of the reaction to the collection of rust in intercrosses of 
immune^ near-immuncy and resistant varieties and the suggested genotypes of these 
varieties 


V'ariety and Ottawa 770B 

ftenotyi>e LL mm 


i\ I 438 L/v 
mrvc. 

Now land It 
MM. 

V J 410-3 n 


Long: X K 
m”m\ 


Immune ... 

Immune and sus- 
(jeptible. 

Immune, near im¬ 
mune, and sus¬ 
ceptible 

Immune and near 
immune. 


I. 712 Immune, re.si.st- 
mm ant, and a few' 

semiresislant 


Bollf*> (lolden 


Light Mauve 


Immune, resist¬ 
ant, and su.s- 
coptible 


C. I. 4:J8 LLm'm’^ 

Newland U MM 

C. I.416"3f/ m^m” 

1 mm tine and re* 



shstant 



Immune 

Immune and 


near immune. 


Immune, near 

--- do. 

Immune and 

immune, and 
a few suseei>- 
tible 


near immune. 

1 

Immune and re- 1 

Immune, resist¬ 

Near immune, { 

SLStaut j 

ant, and sus¬ 

1 resistant, and ! 

i 

ceptible. 

a few' suscei>- i 
tible. 1 

-- - 1 
! 

1 



. 1 . ! ! 


Long X K 

IniH 


Near immune, 
resistant, and 
susceptible. 


Tho proportion susceptible segregates in the cross of Ottawa 
770B X Nowlttud indicated that the immunity of these two varieties 
was, in each ease, conditioned by a single dominant factor, the factors 
in the two varieties not being allelic. Studies of seven other crosses of 
(Ottawa 770B with resistant, semirosistant, and susceptible varieties 
confirmed the assumption of a single dominant factor for immunity 
in Ottawa 77bB, Likewise, the results in V. 1. 712 X Newland sub¬ 
stantiated the assiiinptiou of a single dominant factor conditioning 
the immunity of Newland. On this basis, the genotype of Ottawa 
770B could he wTitten LL mm and that of Newland ll MM, The 
occurrence of susceptible segregates in C. 1. 410-8 X Ottawa 770B 
indicated that C. I. 410-8 did not carry a factor for near immunity 
allelic to L while the absence of such segregates in I. 410-8 X New- 
land suggested that C. 1.410 3 carried the factor ra” for near immunity 
which was allelic to the M factor carried by Newland. 

Susceptible segregates wore obtained in C\ 1. 712 X Nowdand, 
suggesting that C, I. 712 did not carry a factor for resistance allelic 
to the J/ factor of Newland. In Ottawa 77()B X C, I. 712, a few' 
semirosistant segregates obtained. These could have resulted from 
the segregation of minor modifying factors with C. I. 712 carrying 
the factor for resistance allelic to the factor of Ottawa 770B. On 
this assumption, susceptible segregates would be expected in C, I. 
712 X C. I. 41h- 3. Actually, a few^ semiresistaiit and susceptible 
segregates were found in this cross, but fewer than would bo expected 
on the hypothesis. It is possible that these segregates were likewise 
conditioned by modifying factors and that these tw'o varieties carried 
a factor for i*esistance not allelic to either L or M. However, the 
evidence is not conclusive. 

Results in the crosses of C. I. 438 with Ottaw^a 770B and Newiaiul 
suggest that C. I. 438 carried the same factor that conditions the 
immunity of Ottawa 770B and a factor for resistance, w^hich was 
allelic to the M factor carried by Newiand. Thus the genotype of 
V, I. 438 would be LL rn^rn^ This w’-as further substantiated by the 
results ill crosses of C. I. 438 with C. I. 712 and C. 1. 41G-3." No 

32771-—;i7-a 











664 


Journal of Agricultural Research 


V^ol. 66, no. 9 


semiresistant or susceptible segregates obtained in either of these 
crosses. The behavior m crosses involving Long X E was not entirely 
consistent. No susceptible segregates were obtained either in crosses 
of (Ijong X E) X Newland or Ottawa 77OB X (Long X E), sug¬ 
gesting that liOng X E carried factors allelic to both the L and M 
factors. On this basis, no susceptible segregates would be expected 
in crosses of Long X E with C. I. 438 or C. I. 712, whereas susceptible 
segregates were obtained in both crosses. Results in both of these 
crosses indicated that one or both parents used in making the crosses 
were heterozygous, a fact which might have accounted for the sus¬ 
ceptible segregates. 

Crosses of the resistant strain of Light Mauve with two semi- 
resistant varieties, Bison and C. 1. 391, indicated that a single 
doniinan.t major factor determined the resistance of Light Mauve. 
Likewise, the results in crosses of the resistant strain of Bolley 
Golden with the two susceptible varieties, Bale Bine and Abyssinian 
Yellow, were explained b;^ the assumption of a single dominant 
factor conditioning the resistance of Bolley Golden. In crosses of 
these two varieties with Ottawa 770B, about one-sixteenth of thf* 
F 2 segregates were semiresistant or susceptible, indicating that the 
factors for resistance carried by these two varieties wen^ not allelic 
to the L factor conditioning immunity in Ottawa 770B. No crosses 
were available either for detennining whether these two resistant 
varieties, Light Mauve and Bolley Golden, carry the same factor for 
resistance or for determining the relationship with the A/ factor of 
these factors for resistance. 

The immune strain of Bolley Golden was found (-0 carry a- singh' 
dominant factor for immunity and another dominant factor condi¬ 
tioning resistance which was hypostatic to the factor for immunity. 
The resiilts in the cross of the near-immune strain of Light Mauve 
with Redwung suggested a single factor difference between tlu'se tw'^o 
varieties as regards reaction to the collection of rust. No crosses 
were available for studying the relation of the factors carried by 
these two strains with the factors for immunity, near immunity, or 
resistance contributed by the other varieties studied. 

A definite factorial explanation could not be given for the inherit¬ 
ance of the C. I. 649 type of reaction. The results suggested that 
multiple factors might be involved. Likewise it was impossible to 
place the inheritance of the semiresistant type of reaction on a 
definite factorial basis. 

SUMMARY 

The nature and interaction of genes conditioning dilfcrent types of 
reaction to rust and the relationship of genes conditioning the same 
type of rust reaction in different varieties was studied with physiologic 
form 4 and a collection of rust. Thirty-seven crosses involving 17 
strains and varieties of flax were used in these studies. 

In the field studies, Ottawui 770B, C. T. 438, Newland, Long X E, 
C. L 416-3, C. I. 712, and one strain of Bolley Golden w^ere found to 
be immune from rust. One strain of Bolley Golden and the varieties 
Light Mauve and C, 1. 649 were resistant. Bison and Redwing w^ro 
semiresistant, an<l C, I. 391, Pale Blue, and Abyssinian Yellow were 
moderately susceptible. The immunity of Ottawa 770B in the field 
wa^ conditioned by a single dominant metor. 
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In the greenhouse studies with the collection of rust, Ottawa 770B, 
Ncwland, C. I. 438, and one strain of Bolley Golden were immune. 
Long X K, C. 1. 416-3, and one strain of Light Mauve were near 
immune. C, I. 712 and strains of Bolley Golden and Light Mauve 
wore resistant. Bison, Redwing, and C. I. 391 were semiresistant 
and Pale Blue and Abyssinian Yellow were susceptible. C. I. 649 
gave a mixed reaction varying from resistant to semiresistant. 

Immunity was dominant to near immunity, resistance, and sus¬ 
ceptibility, and resistan(‘-e was dominant to serniresistance and 
susceptibility in the crosses used in this study. 

The reaction to the collection of rust of crosses involving Ottawa 
77()B, Newland, C. I, 438, C. I. 416-3, and 0. I. 712 was explained 
by assuming factors in two different allelic series, L and M. L and M 
are dujdicate factors conditioning immunity. /” and 7a” condition 
n(»ar immunity, /” being allelic to L and rn” allelic to AI. V and 
condition resistance to the collection, 1^ being allelic to L and Z” and 
allelic to Ai and r^/”. On the basis of this hypothesis, the genotype 
of Ottawa 770B is LI. mm; Newland, R AIM; C. I. 438, LL m^m^; 
C. 1. 4HL3, ll m^m\ and (\ I. 712, n mm, 

Ki'sults in crosses involving Long X K indicated that it probably 
carried the Z” and factors. Tlie occurrence of susceptible segre¬ 

gates in V, I 438 X (Long X R) and C. 1. 712 X (Long X E) may 
have resulte<l from h(*tero/.ygosity of tlie j)arental material. 

A single major factor aj)parently conditioned resistance to the 
collection both in tlie resistant strain of Light Mauve and in Bolley 
Golden. CVosscs with Ottawa 770!^ indicated that neither of tliese 
varieties carried a factor for resistance allelic with L, No crosses 
were available for determining the relationship of the factor or factors 
in these varieties with the AI series of allels. 

The immune strain of Bolley Golden carried two factors, con¬ 
ditioning immunity and resi.stance, re.spectively, to the collection. 
A singb' major <lominant factor conditioned the near immunity of 
the strain of Light Mauve to the collection. No data wore available 
f(U* determining the relationship of factors hi these two strains with 
L or AI series of allels. 

No factorial e\])lanation could be given for the inlieritance of the 
C, 1. 049 ty})e of reaction or of the semiresistant reaction. 

Reaction of the parents to form 4 was similar to their reaction to 
the collection. Bison and C. I. 649 seemed somewhat more resistant 
and Re<lwing and C. 1. 391 somewhat more susceptible to form 4. 
This difference may have been conditioned by environmental factors. 

In geiuu'al the reaction of hybrids to form 4 was similar to their 
reaction to the collecticjn. Results indicated that the same factors 
conditionetl the immunity of Ottawa 770B and Newland from the 
collection and from form 4, The factors detennining immunity 
and resistance to the collection in crosses involving the immime 
strain of Bolley (lolden likewise conditioned immunity and resistance, 
respectively, to form 4. In hybrids involving the resistant strain of 
liolley Golden, the same factor conditioned resistance both to the 
collection and to form 4. There was evidence that the factor of 
(\ 1. 438, which conditioned resistance to the collection, determined 
immunity from form 4. Two duplicate factors appeared to bo 
conditioning the resistance of Light Mauve to form 4. However, 
this evidence was not conclusive. 
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The factor conditioning the immunity of Ottawa 770B in the 
field also determined its immunity in the greenhouse both when 
inoculated with the collection and with form 4. 
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TWIG LESIONS AS A SOURCE OF EARLY SPRING 
INFECTION BY THE PEAR SCAB ORGANISM* 

By J. R. Kienholz, junior pathologisty Division of Fruit and VegelahU Crops and 
Diseases^ Bureau of Plant Industryy United States Department of Agriculture; 
and L*ehoy Childs, superintendent^ Hood River Branch Experiment Station^ 
Oregon State Agricultural (Udlege^ 

INTRODUCTION 

Pear scab (Venfuria pyrina Aclerh.) has been known to be present 
ill the Hood River Valley of Oregon for the last 20 years but has become 
of commercial conci'rn only since 1932. During that year two pear 
(Pyrus covimunis L.) orchards produced as much as 80 percent of 
scabby fruit, and in 1934 plantings at a distance of nearly 2 miles 
from the original infection centers showed some scab. The disease 
has incrcMised also in parts, of southern and western Oregon and western 
Washington. 

In the course of experiments for scab control in the Hood River 
V^alley, conducted by the writers, several new facts concerning the life 
cycle of the pear scab organism in relation to control measures were 
^ established. The early dispersal of conidia from overwintering scab 
' lesions on twigs, the effect of spray materials in relation to tliis phase 
of the disease, and the comparative importance of conidia and asco- 
spores in initiating primary infections are espe(‘ially worthy of (*onsid- 
eration in this connection. 

TWIG INFECTION 

HISTOUICAL REVIEW 

Frecpient reference has been made to shoot infection on trees since 
Aderhold (/) ^ first described pear scab as occurring on young branches. 
English writers generally agree that conidia produced from this type 
of carry-over are almost entirely responsible for primary spring 
inb'ctions, and that ascospore discharge from leaf material is of only 
minor importance (J, 14)^ The more outstanding contributions are 
reviewed by Marsh {14)- R* Australasia, workers generally have found 
that ascospores appi^ar to be more important in initiating primary 
infections than (*onidia produced by the fungus overwintering on the 
young shoot growth. Data substantiating this view are found in 
publications by Cunningham O'?), Curtis {4)y Hearman (/0),andPitt- 
man {16) and in additional references cited in these papers. Dowson 
(6'), however, emphasizes the importance of twig lesions as a source of 
infection at the time when sprayings are practically over. 

• Km'ivod for publication-July 31,1936, issii«»d IH^ceinber 1937. C’ooporativo investigation of tho Division 
of Fruit and Vegetable Crops ami Diseases, Hun*au of Riant liKlu.str>. U S Department of Agriculture, 
and the Oregon Agricultural FA'p<'riTnent Station. 

« Tlie writers wish to exriress their appreciation to J- R Magness, John W. Roberts, and Af. C. Golds¬ 
worthy, of the Division of Fruit and Vegetable Crops and Disea.ses. Bureau of Plant Industry, U S. Depart¬ 
ment of Afrricalture, for suggestions in the preparation of the inaimseript. 
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Very few published data have appeared in the United States, especially 
in recent years, on the twig phase of pear scab, or on entirely effective 
control measures. Duggar (7) has given a general survey of earlier 
work in tliis country, and Heald (9) has supplemented it. Smith (f 7) 
found that under California conditions primary infections were due to 
spores liberated from scab pustules on wood growth of the past season, 
llis observations and experimental work were substantiated by the 
results of commercial fiehl tests for the control of the disease. Thomas 
{18)f however, concluded that ascospores are the princdpal source of 
primary infections in California since a search in commercial orchards 
in 1929 revealed that the great majority of the current season's lesions 
had been circumscribed by a cork layer before the end of the growing 
season. 

Differences of opinion appear to exist also among investigators of 
the Pacific Northwest. Fisher and Newcomer (8, p. 7) state: 

In the treatinciit of pear scab it is important to dispose of all possible source's of 
infection, and to this end twig cankers, if present, should be removed in pruning 
and the infected wood burned. Some disposition sho\ild also be made of fallen 
leaves which harbor the fungus over winter, and which are the most important 
source of earl^ spring infection. 

Although not ignoring the fumotion of this as(‘osporc material, 
Jackson (//) pointed out that the disease was more difficult to control 
in Oregon w here twig infections were present, and that several seasons 
might be rccpiired to rid the orchard of this source of infection. 

()ther than a brief statement by Marsh (14) on twig scab control, 
the writers' preliminary report {IS) ap])ears to constitute the only 
record of the effect of sprays on this phase of the disease. Patholo¬ 
gists have tended to base control recommendations on results obtained 
with the closely related apple scab, but such j‘ecomm(*n(lations have 
sometimes been found of doubtful application to pears, especially in 
relation to twig lesions as overwintering sources of infection. 

VARIETAL SUSCEPTnULlTr 

Approximately half the pear acreage of the Hood River Valley is 
planted to Anjou, a variety very susceptible to twig attack. Easter 
Beurre (planted mainly as a pollinator), Flemish Beauty, and Forelle 
are also very susceptible, but they constitute a minor portion of the 
plantings in this locality. 

Fruit of the Bartlett, the second leading variety, is often slightly 
affected, especially when interplanted among other heavily infected 
trees, but twig infections are extremely rare. Bose is intermediate 
betw^een Anjou and Bartlett in respect to both fruit and twig attack. 

The fact that various degrees of susceptibility have been assigned 
to these same varieties in other regions indicates that environmental 
responses or specialized strains of the organism may exert an inffuence 
on infection. 

In a small planting bordering the Hood River Valley, Bartlett twigs 
have been found severely scabbed. The greater precipitation and 
humiditv in this section appear to be the factors that allow the parasite 
to attack this variety so severely. 

CYCLE OF INFECTION 

New growth of susceptible twigs may be infected at any time during 
thA growring season, but infection occurs more commonly in the Hood 
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Kiver Valloy (luring sprinjj: jnontlis vvIkmi niinfall is fmpuMit. Diirifijjj 
spring and sunnner months, now lesions appear mci oly as small blister- 
like cushions, often with a prominent lenticular s])ot at their ceiiters, 
or on certain varieties as shallow spore-producing stromata. Occa¬ 
sionally the host forms a corky layer beneath the cushion or stroma 
and partially sloughs it off during the current season. This type is 



Fi<.r «E J Poor soal) oii Anjou twigs Mid<llo twig show.s <iepressions roinaining on 2-yoar-ol(l wood after 
f ho sail) siK)t.s have Ih'on sloughed off From material collected during Ma>. 

more easily seen, appearin}>: as a small caiikerlikc injury. After the 
primary establishment of the fungus it usually remains" more or less 
inactive until wintor, when the trees become dormant. Active en¬ 
largement of the fungus fruiting structure then occurs, and by early 
spnng conidial formation has started. Dissemination of these coni^a 
takes place during rainy periods throughout the season or until the 
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pnslulos 1 k‘(M)I!ic sIou^IuhI oil' by ronowod iroo iudivity. 
detailocl account of the histological features of this cy(‘lc, see Marsh’s 
article (Jf4); which is substantiated by the writer's' observations.) 
These twig infections (fig. 1) are generally sloughed off during the 
growing season or before the tree again becomes dormant, although 
occasionally a few remain partially attached and contain viable 
conidia the next season. In this case the fungus penetrates the host 
barrier and may form a new pustule unless a second abscission layer 
is successful in arresting its growth. Oftentimes 4- and 5-year-old 
wood stUl shows evidence of previous infections in the form of circular 
depressions. Only a short period of activity of these twig pustules is 
necessary to cause primary spring infections, a fact which Thomas {18) 
appears to have overlooked. 

EXPERIMENTAL METHODS 

Three orchards in the Hood River Valley were examined in 1934 
and two of them again in 1935 to discover at what time primary 
infection occurred and which spore form was involved. The first 
orchard was severely infected in both years, and previous studies 
showed that humidity had reached 100 percent on all but four nights 
during the preceding summer. Scab had been present for several 
years, and conditions for its development were ideal, since 100 percent 
of the unsprayed fruit was affected. In the second orchard, which 
was believed to represent more closely the general run of orchards in 
w'hich scab had obtained a foothold, less than 50 percent of the 
unsprayed fruit had been scabby the previous year. The Oregon 
State Experiment Station's orchard at Hood River, where scab liad 
never been present, was used as a check plot. 

Spore traps were made by tying together, back to back, twM> slides 
with outer surfaces coated with petrolatum. Three traps per tree 
were tied in a vertical free-hanging position at heights of 2, 8, and If) 
feet above ground in a representative tree of each orchard. One 
square inch of each slide was examined under the microscope each 
week or after periods of heavy rain, for the purpose of recording spore 
catches. 

Ascospore discharge records from overwintered leaves, brought to 
the laboratory and exposed to natural conditions, were also kept. 
Five leaves bearing perithecia were placed in a shallow^ box on a 
natural orchard soil covering. Ordinary glass slides were then placed 
directly over each leaf on narrow wood supports to keep them from 
being in contact with the leaf surface. This procedure is essentiallv 
the one described by one of the writers {2) in a report of apple scali 
studies. Discharged spores readily stuck to the glass surface. These 
slides were examined at the same periods as the spore traps hanging 
in the orchard. Because of the numbers involved, however, the 
average number of ascospores caught per square millimeter w^as used 
to bring these values in line with other charted data. 

SEASONAL DEVELOPMENT AND SPORE LOAD IN RELATION TO 

SCAB 

Records of the weather and of the volume of spores in relation to the 
prevalence of pear scab in the experiments of 1934 and 1935 are showm 
graphically in figures 2 and 3. Weather data in the charts are given 




Fkh rk 2 "Weather and spare records in ndatioii to pear scab, IWt: .4, Ma\imiiiu and minimum lemiHTa* 
lures; li, scab infection on fruit of unsprayed trees, c, stages of development and infection of buds, blos¬ 
soms, and fruit; />, record of spores, light lines coming to a point represent number of ascosporos per square 
milUmeter from captive leaves; black bars represent number of conidia per square inch (6H square ot*nti- 
motors) caught in orchard; record of rainfall. 


for the station at Hood River, since records are unavailable for the 
other orchards in which experiments were conducted. 

SPORE RECORDS FOR 1934 


It has been pointed out by previous workers that ascuspore discharge 
occurs only during rainy periods and that conidia of the fungus are 
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FirajRE 3 " VV eather and spore records in relation to i»ear scab, 1«36: A, Maximum and minimum temiicra- 
tures; B, scab infection on unsprayed trees; C, stages of developiuoni and infection of buds, biosHoms, and 
fruit; Zi, record of spores; light lines coming to a point represent number of ascospores per square milli' 
meter from captive leaves; black bars represent number of conidia per square inch (6H srpiare centimeterii) 
caught in orchard; K record of rainfall. 
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readily dislodged by moisture but not by wind alone. Figure 2, 1) 
and shows this relation for ascospores from captive leaves and for 
conidia caught on slides hanging in heavily infected trees during the 
1934 season at Hood Kiver. Although ascospores were caught in 
large numbers on slides placed directly above overwintered leaves, 
only three were captured during the entire season on the traps hanging 
in the trees. These three were recorded April 30, June 4, and June 25. 
Conidial catches in the trees, however, were comparatively large. 
A local shower fell in the orchard July 9, which explains why conidia 
were caught at that time. Although total rainfall was slightly higher 
in this orchard than at the Hood River station orchard, except for 
July 9, the periods of distribution were the same. 

The first catch of conidia was made during the rainy period starting 
February 20. It is doubtful whether infection could have occurred 
at that time, since the buds were not open (fig. 2, C). I'liusually 
high temperatures during the early spring months, however (fig. 2, A), 
favored rapid growth, so that by March 2G, the start of the next rainy 
period, which yielded the first conidial catch of any consequence, the 
young leaves and flower buds were exposed. 

An examination was made each day to determine the incubation 
period of the organism. The first scab symptom, a slight greenish 
fuzz, was found on yoimg fruits April 14, 19 days after the begimiing 
of the second rainy period, which, as previously stated, coincided with 
the first conidial catch of any consccjuence. Leaf infections were not 
found until a few days after the fruit-infection stage and were never 
numerous except on unsprayed trees. Figure 2, R, illustrates the 
imj)ortance of twig lesions as primary infection sources on Anjou 
pears. It can be seen that even though the spore record shows a 
comparativelj" small catch of conidia, half of the fruits on unsprayed 
trees be(^ame infected from these sources. 

These primary spots on fruits and other suscei>tible tissues ])roduccd 
new conidial spore material in sucJi amounts that, with the following 
rainy period, practically all fruits became infected. Conidial spore 
cjitches on the traps in the orchard, of course, increased accordingly. 
(\>unts of infected fruits during several stages in their development 
showed that new spots appeared on susceptible varieties following 
each rainy period of sufficient duration to allow the fung\is to become 
established. With certain varieties, such as Bose, the fruits had 
developed such resistance by the time they were one-third grown that 
new infections were extremely rare. Scab spots already present grad¬ 
ually died out, and little evidence of scab was seen at harvest unless 
the fruit had become misshapen. Bartlett pears, which have never 
become excessively scabby in the Hood River Valley, exhibited a high 
degree of resistance throughout their cycle of development when 
associated with severely scabbed Anjous. It appears at this time 
that, even with an abuiidant source of spore material, Bose pears 
require protection only during early spring, whereas control can be 
obtained on Anjous only by complete protection throughout the season. 

Figure 4 records catches of conidia from the moderately infected 
orchard. Direct comparisons of unsprayed trees of the heavily and 
the moderately infected orchards cannot be made, since the owner 
of the latter did not wish to leave the fruits unprotected. By observ¬ 
ing pears in the poorly sprayed treetops, however, it was roughly 
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psl-iiiiaiotl tlinf. «])|)roxini«t(*ly liulf ns iihk’Ij snib (Icvplopnil in this 
oichard as on the unsprayed fruit of the heavily infected orchard. 

No scab spores were cauj^ht on slides in the orchard which had 
not contained scab, and which was some distance from any infected 
orchard. 

It was assumed that if tlie original spore load from infected wood 
could be reduced the percentage of scabby fruit showing primary 

lesions and the chances 
for reinfections to oc¬ 
cur would be lessened 
accordingly. Figure 
r> represents results 
from two trees that 
had received no spray 
in 1933 and that were 
used to test this as¬ 
sumption. One was 
left unsprayed; the 
other received three 
lime-sulphur sprays 
in 1934. 11 can readily 
bo seen that infection 
was reduced, but re¬ 
duction of fruit scab 
. approximated only 50 percent because of poor spraying. Figure 4 
contrasts the same uiisprayod tree with one in a moderately inf<R^ted 
orchard receiving three early sprays of a partially eifectivo fungicide. 
Conidial (‘.atches were greatly reduced, but practically half the fruits 
became scabby because of infections resulting when spray (tovorages 
were largely dissipated. 

Figure 0 compares conidial numbers caught on slide traps suspended 
on unsprayed trees at three ehwations. The lower and middle heights 
yielded similar conid¬ 
ial ratios throughout ^ - 

the s(*.ason, whereas S ! i 
the highest trap was 
noticeably most free 
from conidia at each 
period. Since conidia 
are washed downward 
by rains, they natu¬ 
rally are found in 
greater numbers at 
the lower tree levels; 
but it should be borne 
in mind that a few 
infected fruits or twigs 
in the top of the tree 
are more favorably situated to scatter conidia to healthy fruits than 
are those situated lower down. Since so few ascospores were caught 
in the trees, they were considered of minor importance in causing the 
heavier infection nearer the ground, where, because they are produced 
in leaves on the ground, they might bo of importance if present in 
larger numbers. 
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SPORE RECORDS FOR 1935 

The year 1935 threatened to be an exceptionally bad scab year, 
since new wood was heavily infected and the fungus had become 
established in practically all se(*.tions of the valley. Scab, however, 
did not develop to any considerable extent, for the following reasons: 

( 1 ) Before the trees became dormant the previous fall, 80 percent 
of the twdg scab infections became sloughed oil* or inactivated. (Note 
the number of inactive scab pustules on twigs of the imspraye<l plot 
in table 2 .) 

( 2 ) In early spring there was only one rain sufficient to cause scab 
inh'ction. Where spray n'seommendations were followed, there was 
nearly com})lete protection. (See lig. 3 .) 

(3) Few new^ infections appeared following the liglit rains in May, 

June, and July, principally because infective material was scarce. 
Inoculum for subse- 
(pient infections was 5 

much decreased by the S 

dropping olf of in- | 

fected fruits at the * 

time of the “June 5 

drop.^’ Practically all ~ 

fruits showing pedicel 5 [ 

infections were lost at ^ 

tliat time. ^ 300 

Prosp(‘cts for a s('- 2 200 

vere scab sc^ason wen' ^ 100 

somewhat dissipated 9 q 

after the discoverv o 

* u 

Fua RE « Relation of height of traps to coaidial catch, 1934 

For previous experiments to be substantiated it 
would have to follow^ that a correspondingly smaller number of conidia 
w ould be available for primary infections. That this w as actually true 
can be determined from figure 3, I). It should be noted that actual 
conidial catches early in the 1935 season were vslightly less than in 
the pjwious year, but the potential sources would have been far 
greater (see tables 1 and 2 ) if the w^ood lesions had overwintered in an 
activi' state. An increase in conidial material from secondary infec¬ 
tions was small, owing to Wf'ather factors previously mentioned. As 
a result, fruit was much cleaner at liarvest than during the previous 
season when secondary conidial material became increasingly larger 
up to midseason. Numerous primary infections and favorable 
moisture conditions later were responsible for the rapid increase of 
scab in 1934. 

Three ascospores constituted the total catch for the 1934 season on 
nine traps hanging on trees in the orchard. Nine were captured during 
1935 in comparable trials from March 1 to the last of May, five of 
which were recorded on April 21 . The primary fruit infections ap¬ 
peared on May 15. 

Neither conidia nor ascospores were captured in the check-plot 
orchard where scab had never been present. 

The results of the writers^ experience in oreliard spraying on a 
commercial nmU during ])ast years correspond very closely wnth those 
reported above. When a tliorough and properly timed spray was 


that alarge percentage 
of the twdg lesions had 
become inactivated. 
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applied before fjrimary infections had become established and was 
followed later with a reasonable spray program, satisfactory control 
of scab was realized at harvest. If, however, the first spray was 
poorly applied or improperly timed, so that a few primary infections 
occurred in spite of careful and frequent subsequent sprayings there 
was considerable scabby fruit at harvest. 


CONTROL OF TWIG SCAB 

Tlie data given above and observations made during past years in¬ 
dicate that primary spring infections resulted largely from conidia 
derived from active lesions on scabbed wood of the previous season ^s 
growth, and that these conidia were being dispersed even before sus¬ 
ceptible tissues were exposed. Ascospore discharge was also recorded 
from the overwintered leaves, but whether this would occur every 
year remains to be determined. It is possible, however, that if early 
sprays are timed by ascospore discharge in orchards where active twig 
scab occurs, primary infections could already result from twig conidia 
before the regular spray schedule begins. It has been repeatedly 
pointed out for both pear and apple scab that the amount of early 
infection usually influences the number of scabby fruits prescuit at 
harvest. Any practice that eliminates or (‘he<‘ks disj)orsal of theses 
twig conidia, then, is of paramount importance in control. 

EFFECT OF SPRAYS 

Data on the eflect of fungicides in controlling twig scab arc extremely 
, meager. In the orchard used for scab-contiol experiments, twig 
infections wTre exceedingly common and evidence of theur existence 
could be seen on wood several years old when s])raying tests wer(» 
started. wSome variation in the total number of shoot pustules j>er 
tree occurred, but the orchard could be classified as severely infected 
and favorable for scab development. 

A spray schedule consisting of lime-sulphur 1-12 applied in the 
delayed-dorinant stage and of other materials applied in the pink and 
calyx stages was employed during the and 1934 vseasons. One 
additional cover spray was applied in 1933 and two in 1934. Twig 
counts in the spring following such treatments yielded evidence that 
sprays measurably control the twig lesions (tables I and 2). It should 


Table -Effect of sprays on pear ting scab the if ear folio u ing their appUnitUm. 

S/f. 


1933 spray treat irieiit 

(OelayerLdorraanr lime-sulphur I 12 plus 3 later 
rtpidic'MtJoiis) 


None (west eliefk)... ... . _ ..... ... 

None (east check). . ..... 

Cop])er oxide-lime-lwntonite (2-4-2 50). . ... ... 

Copiier phosphate-lime-bentonite (2-4 2-50). 

Wettahle sulphur no. l (lO-lOO) in pink and calyx stape 

plus hordeaux 3 -t)-50 in 2 later covers... 

Wettahle sulphur no. 1 (10-KKi)__ . 

Wettahle sulphur no. 2 00-100)... 

Flotation sulphur (6-100)... 

Lime-sulphur 50) and ^veU}lble sulphur no. 1 (10- 

1(X)). 

Liuje-'«ulphur (I 50) in pink, wet 1 able sulphur m» 1 (10- 

ICOlaler. . . .... 

I.ime-sulphuf (1- 50) in pink and caly.x, then wettahle 

sulphur no. 1 (10 100). 

Lime-sulphur (1-50) in pink, calyx, ftr.st cover, then 
wettabie sulphur no. 1 (10-100).. 


Scab pustule.s, 1934 
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Tablk 2--Effect of sprays on pear twig scab the year following their application, 

19H-35 



('spocially bo noted that the wettable sulphur typos of materials wore 
inuoh loss oHootivo in this control than the more oaustio sulphurs or 
ohtuuicals giving a longer ooverage. The same general trend was 
appanmt in fruit scab control. Where mild sprays were used during 
the early stages of growth it was very noticeable that (‘ontrol of scab 
on both fruit and twigs was comparatively poor, whcToas their substi¬ 
tution at later periods showed le.ss difference. 

Fig\ire o slums that conidial catclies were greatly reduced on 
sjirayod trees. To dotormine the exact cause of tliis decrease in 
conidial numbers early in the season, twigs with active scab pustules 
were brought into tlie laboratory and sprayed with certain fungicides. 
Table 8 gives the results of this test. Liine-sulphur completely inac¬ 
tivated such pustules by an actual “burning out’' action. The" entire 
spore-bearing surface was killed and the stroma soon became flat and 
crusty and did not revive when placed in a moist chamber. In 
contrast to this, although other fungicides tested caused a considerable 
tiecrease in active conidial material w here the fungicide was in actual 
contact witli the spore-bearing parts, penetration under the epidermal 
covering of the pustule was much inferior to that of lime-sulphur. 
Pustules sj)rayed with these chemicals, moreover, partially revived 
in moist chambers and produced some conidia. The saine results 
were observed under field c<»nditions. 
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Table 3. —Effect of spray a on conidia in pustules on excised twigs 


spray treatment 

Spore 

Ifcrmi- 

nation 

Location of 
spores in pustule 

Spray treatment 

Spore 

germi¬ 

nation 

Location of 
spores in pustule 

Apr. 29, 1935 

Cheek, no spray. 

Lime-sulphur (1 15} 

JJorfleaux mixture (4-4- 
50. 

_ 

M rceitl 
76 

1 

1 0 
f 4.5 
\ 2,5 

Various points. 

Kdge 

renter. 

1 Edge 
! Confer 

1931 

Wettablc sulphui (10 
100). 

Pirceiit 
1 TO 

1 3 2 

Edge. 

Center. 


These results indicate that liine-sulphur applied after twig lesions 
are open and active should largely eliminate this source of infection. 
The majority of pustules at Hood Kiver during past years opened 
before blossom buds became exposed. A small percentage, however, 
opened during or after this period. It was known from previous 
experience that lime-sulphur could not be used with safety on Anjou 
pears in this locality after the bud scales had dropped. For this 
reason it was believed that best results would be obtained in scab 
control by delaying the initial lime-sulphur application until the bud 
scales were just ready to drop. \Miere it is possible to use this caustic 
spray on other varieties at a later date, successful control should be 
possible in one season. Pustules that opened late or those that 
remained active during the summer contained viable spores at harv(‘st 
and formed dangerous sources for fall fruit infections. Water sjirouts 
remained susceptible to infection late in the season and required 
protection where scab was a problem. 

A secondary influence of spray materials was apparent on sprayed 
trees. It appeared that during the 'spring the host was able to 
circumscribe scab lesions on twigs more quickly on sprayc'd trees than 
on those receiving no treatment. Whether this action was due to a 
partial killing of the parasite or to a favorable effect on the host was 
not determined. 

Residual Effect of Sprats 

The severely infected orchard used for part of these experiments 
oftered an extreme test of the cumulative value of proper and wxdl- 
timed spray applications. When a part of this orchard was taken 
over by the writers for spray tests at the end of the 1933 season, 
08.3 percent of the commercially but improperly sprayed fruit and 
100 percent of the unsprayed pears were scabby. In the 1934 tests 
the applications of four sprays of various materials, following the 
delayeci-dormant lime-sulphur spray, reduced scab to as low as 12 
percent when the stronger fungicides were used. This plot was 
given back to the grower for the 1935 season because of certain condi¬ 
tions complicating records on fruit russet. However, comparison 
of this plot with the remainder of the orchard in the less severe scab 
year of 1935 showed that an average infection of 1,8 percent occurred 
m the previously well-sprayed section (including all materials tested), 
while 28 percent of scab was present in the part sprayed entirely by 
the grower during both years. These results, in conjunction with 
data given in tables 1 and 2, seem to warrant the conclusion that this 
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residual effect of spra.y materials was almost entirely due to the 
reduction of twig infections, since few ascospores were caught in the 
trees during either year. 

Effect of Doumant Spuavs 

The possibility of killing the parasite on twigs in its imudive and 
overwintering form was tried by means of penetrating spray materials 
developed by Keitt (12) for dormant use. During this period the 
fungus is not exposed, and a penetrating material would be required 
to reach the vulnerable tissue. Although killing of the fungus occurred, 
a certain percentage of the pustules continued to become active in the 
spring, even on trees sliowing distinct and severe spray injury in the 
form of partially killed limbs. It is quite powssible, however, that if 
further improved or used in different combinations such materials 
may find a useful place in the spray schedule for pear scab control. 
This point needs further investigation. 

EFFECT OF CULTUKAL PH.XCTICES 

(Vrtain horticultural jnactices may indiKUice twig scab infections. 
The cutting out of infected slmot material has been generally recom¬ 
mended as an aid in controlling pear scab. This practice may be 
helpful ineJiminatingsoireof the original spore load, but even then it is 
usually not cojnplete enough to be entirely effective without additional 
protection to new growth. Pruning stimulates the production of new’ 
wood, which must be protected to prevent reinfection. Since water- 
sprout types of growth are especially s\isceptible to slioot infectioin 
however, their removal from the central parts of the tree should be 
practiced. Pruning so as to produce the -most open type of tree 
without sacrificing bearing surfaces appears to be most desirable from 
the standpoint of tree vigor, thorough spraying, and partial elimina¬ 
tion of spore material. 

Unpruned trees and trees very low’in vigor have been found to show' 
less infection, since they fail to produce much new' and succuloit 
growth. 

DISCUSSION 

The results obtained on the relation of twig lesions to primary scab 
infections on pear trees are in accord wdth work done in England, and 
indicate that these lesions furnish the bulk of material for early infec¬ 
tion under certain environmental conditions. Observations and the 
spraying of commercial orchards in Oregon during the last 4 years 
have further substantiated these data. A few’ twig pustules are easily 
overlooked in an orchard, but they may be surprisingly persistent in 
dissemination of the parasite and when favorable environmental con¬ 
ditions are at hand may cause serious epidemics. Where these twdg 
infections are absent it has been relatively easy to control pear scab, 
even when ascospores from overwintering leaves have been plentiful. 
The latter, however, should not be ignored, since a certain percentage 
do find their way to susceptible tissues. Results from widely scattered 
countries suggest that environmental factors may influence their 
dissemination. The work ()f Wiesmann (7/>) and Palmiter (Jo) has 
shown that specialized strains of pear and apple scab exist, a fact tluit 

:ii*771--.‘S7- \ 
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gives further importance to this sexual stage in the possible production 
of new forms. 

The long, dry growing season of 1934 was of special interest in its 
relation to twig attack. Most of the pustules occurred at the bases 
of the current seasoirs twigs, indicating that infection had taken place 
soon after they started growth. Twig lesions resulting from infections 
during the early part of 1934 were sloughed off or became inactive 
before the trees became dormant, and the majority failed to produce 
conidia in the spring ()f 1935. During years with shorter growing 
seasons and more rainfall, however, the host appeared to be unable to 
circumscribe incipient infections. As a result, practically all twig 
lesions remained active and produced conidia the following spring. 
This may explain the conflicting observations made by Smith (/7) 
and Thomas {18) in California in different years. It may also explain 
the occasional and sudden decrease in scab following several seasons 
in winch the disease w^as difficult to control. 

The jmniounced effect of spray materials in preventing twig infec¬ 
tions and in keeping the old lesions from functioning as infection 
sources seems conclusive, and spraying a[)pears to offer the most eco¬ 
nomical and practical means of coping with this phase of the disease 
Since the more effective matcirials can be applied to certain varieties 
with safety only before the blossom cluster buds l)ecoine exposed, 
they should be applied at that time carefully and tlioronghly. When 
properly applied even mild fungicides give con.siderable protection 
from reinfection to new^ twig grow th. 

SUMMARY 

Since 1932 pear scab has become a serious facior in ])ear j)ro(hi(‘tion 
in the Hood River Valley of Oregon. The number of primarv infec¬ 
tions appeared to correlate closely with the amount of twig infections 
present. Primary spring infections resulted largely from conidia in 
overwintering pustules on the previous season’s wood rather than from 
ascospores, and few’ of the latter were ever tra|)ped in trees. Moreover, 
conidia w^ere being dispersed before bud tissues were exposed. 

Early sprays should be timed by (^onidial dispersion from twig 
lesions, w here these occur, rather than by ascospore discharge, because 
infection results from these twig spores before ascospores are matured. 
Consistent and thorough spraying during the growing season largely 
prevented twig infections. Eaiiy-season sprays were more important 
in this district for control of twig scab as well as of fruit s(*ab, because 
more precipitation occurred early in the season and because a certain 
amount of host resistance becanne apparent after that time. 

Lime-sulphur was effective in “burning out” active twig pustules, 
but it could not be used on tender-skinned varieties after the young 
fruit was exposed, without causing injury. This fungicide was found 
to be dangerous if applied after the bud scales had dropped. A])plied 
in the delayed-dormant stage, lime-sulplmr reduced ])riinary spore 
numbers so that additional sprays gave satisfactory protection against 
reinfection. 

Environmental factors play an ijn])ortant role in natural (‘ontrol. 
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PHYSIOLOGIC RACES OF USTILACO HORDEl ‘ 

By V. F, Tapk33 

Pnthologint, DhiMou of Cereal Cropii and Diaeases^ Bureau of Plant JnduHfrijy 
Ufated. States Department of Agrienltiire 

INTRODUCTION 

Covered smut of barley {Ufiiilago hordei (Pers.) Kell, and Sw.) in 
the United States has long: been recognized as an important hazard 
in the culture of barley (llordmim mlgare L.). In the years from 
1918 to 1985 for which records are available,‘ its estimated toll 
averaged over 2)^ million bushels annually, an(l twice during these 
years the estimated annual loss exceeded 5 million bushels. Despite 
recent notable advances in the control of barley covered smut througli 
seed treatrneiit, as shown by Leukel (/^>),‘‘ relatively little progress 
has been made in combating the disease through selecting and breed¬ 
ing barleys having inherent resistance to various physiologic races 
in the smut species. Until recently, progress in this direction had 
been almost completely blocked by the lack of an effective and easily 
applied method of artificial inoculation of the seed for producing 
high percentages of smutted plants. Despite the general belief of 
long standing that barley is inoculated, in threshing, by the spread of 
the spores to the surface of the seed, the artificial blackening of seed 
with millions of si)ores usually has failed to result in high percentages 
of smutted plants. Jensen (/>) first reported this difliculty nearly 
50 years ago. In 1984, the writer (to) devised a sj)ore-suspension 
method of inoculating seed barley in which spores are washed be¬ 
neath the hulls. The method is similar in |)rinciple to Haarring’s 
(5) “evacuation” method of inoculating oats with smut, but it em¬ 
ploys no vacuum or nutrient solution. The spore-sus[)ension metho<l 
is effective, fairly easy to apply, and approaches the natural method 
of inoculation as recently reported {17), The way thus was opened 
for the studies on physiologic races presented lierein. 

PREVIOUS INVESTIGATIONS 

Paris is, first reported i)hysiologic ra(‘es in UsiUuga hordei in 
1924. Five pathogenic races were isolated. Rodenhiser (11), in 
1928, described seven cultural races, and a further test of two of these 

' Uoceived for pubUralion July iji^ued December Investipalujius conducted in<*ooperation 

with the Xow’ York (f’ornel!) an<l North Carohna \>rriculturMl K\i»enTnent Stations A number of the 
smut collections and lots of tiailey seed used in the ex|H»iirnenls were collected by the late J \ Fans, for- 
inerly senior pathologist, OiMsion of Cttreal Oops and Diseases, Bureau of Plant Industry The writer 
also has had access to the records of Faris’ exfiorimcnts on physiolocnc races of Cfttilnao hordet, conducted 
at KearneysvHie. W. Va , in U»:VJ;md UKW, In cooperation with the West Virginia Agricultural Fxfierunenl 
Station, and at Faruo, X Dak , in IPfW, in cmiiieralimi with the North Dakota Airncultural F\j>erinieni 
Station 

2 I'NiTED States Bi kkav of Plant iNprsTur. kstim ate of chop los.hks di f. to plant d'seases 1017 
r S Dept Agr., Bur Plant Indus TMant Disease Bull 2-1-18. HUH lMirneomaph»»d ] 

- I HOP LOaSES VROM P1.\NT PISKAHKH IN TPK I'NITKO M’ATK^ BUH-ICi C. S, Bur Plant IndUS 
Plant Diseiuse Heptr Sup*, fl BUO; 12.307-,m B»afh 18.317-338. 11121; 24 4S9-r,)(). 1922; 30*4<.2- 

49t), 1923: 3H-318-34H, 1924; 43:381 410. 192r>; 49-.382-412,1926, 5rr394-423, 1927; 04 370-,399, 1928; 83.1-nvS, 19;i2. 
87 1-82, UKl.*!, 89'1-45. 1935. 94:1-75. 1930 IMiineographed | 

’ Keference is made by number (italic) to Idferatiire Citoii, p. 091. 
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showed differeiiees in their pttthogeiiieity on Lion and Himalaya 
barleys. Recently Aamodt and Johnston (^) found tw^o races in 
Alberta, Canada. Apparently this report completes the list of avail¬ 
able contributions. The fact that there have been relatively few 
investigations of physiologic races of U. fiordei doubtless is due 
largely to the difficulties wdth seed inoculation, as noted previously. 

MATERIALS AND METHODS 

The experiments were conducted at Ithaca, N. Y., during the 3-yoar 
period 1934-36. Light pure-line varieties of spring barley wrere used 
as differential hosts, namely. Excelsior (C. I.'* 1248), (latami (C. 1. 
575), Hannchen (C. 1. 531), Lion (C. 1. 923), Nepal (C. I. 595L 
Odessa (C. I. 934), Pannier (C. I. 1330), and Trebi (C. I. 930). The 
selection of these varieties was based largely on unpublished studies 
of the late Dr. J. A. Faris. Faris conducted an experiment at Fargo, 
N, Dak., in 1933, to determine suitable differential barleys and 
physiologic races of ll^tilago horde}. Thirty varieties inoculated wutli 
each of 65 smut collections comprised the test. The maximum per¬ 
centage of smutted heads w^as 28, in the variety Odessa, which proved 
to be susceptible to every smut collection. In most of the other 
varieties the maximum smut infection rarely exceeded 15 percent. 
Although the data wei*e inadecjuate to warrant definite conclusions, 
they were useful to the writer in indicating that certain collections of 
smut w^ere representative of distinct races and that the varieties 
named above should make good differential hosts. Faris (fi, 4) Hlsf> 
had found that Hannchen and Nepal well differentiated two smut- 
races w^hich lie numbered and “2.’’ 

For differential hosts, the writer chose, so far as possibJe, from the 
varieties listed by Harlan and Martini (6‘), those that arc outstanding 
for certain characteristics and representative of some barley-growing 
region of the world. In the course of study, the following additional 
species and varieties also w ere tested for their suitability as differential 
hosts: Hillsa (C. I. 1604), Ilordeuin dejiclens Steud. (C. 1. 668-1), 
Tl. wtennedium Koern. ami Worn. (C. J. 4377), Lyallpur (C. I. 3403), 
Club Mariout (C. J. 261), Oderbrucker (C. 1. 1529), Summit ((\ 1. 
929), and White Smyrna (C. I. 910). The first four proved too highly 
resistant to be useful, and the remainder failed to further or better 
differentiate any of the smut ra(‘es thus far isolated with the varieties 
selected. Twenty-eight winter varieties or .selections w ere also tested 
to determine their possible value in differentiating physiologic races 
of covered smut. 

The 8 selected varieties, during the 3-ycar test period, w^ero inocu¬ 
lated with each of 200 collections of covered smut obtained from 26 
States. Preparatory to inoculation, seed of the differential hosts was 
soaked in a formaldehyde solution (1 part of formaldehyde to 320 
parts of w^ater) for 2 hours, washed in running water for one-half hour 
to remove all traces of formaldehyde, and spread in thin layers until 

* C I. refers to accession number of the Division of Cereal Crops and Diseases, formerly Office of (^ereal 
[uvestitcations 
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thoroughly dry. Each y(‘a.r five chock rows of uuiuoculatcd seed of 
each variety so treated produced smut-free plants. In view of the 
occurrence of mixed colleclions of ihediirereut barley smuts, the spores 
of the collections used each year were, first examine(l to deterinino the 
character of the epispore and the type of germination on 2-perccnl 
potato-dextrose agar. I^ater, tJie smutted heads resulting from seed 
inoculation with each collection were examined in the different 
varieties. All collections that Avere suspected or determined to be 
other than true barley covered smut were eliminate<l. 

In 1034, 1935, and 1930, respectively, 75, 00, and 05 new- smut 
collections wrere tested. The 1934 collections comprised six races; 
in 1935 two other races wu're isolated, but in 193() no additional races 
were obtained. Two collections of each ol the six races obtained in 
1934 were further tested in 1935 and 1930, and two collections ot each 
of the two races obtained in 1935 were again tested in 1930. In 
these further tests of the isolated races, the inoculum of each race to 
be used in the succe(^ding year's test w^as collected on the same date 
and subsequently stored in a cool room. Whenever possible, the 
inoculum was collected from the variety wdiich most clearly differ¬ 
entiated each race to aid in screening out any other races that might 
have o(‘(Mjrred in the original collection. A month or less before 
s(»eding, the seed w'as inocidated by the spore-suspension method 
previously described (/5). 

The inoculated seed in each year's test was planted at the rate of 
0 g to the 5-foot row. The new collections were tested in duplicated 
systematically distributed rows. In the further tests, in 1935 and 
1935, of previously isolated races, triplicated systematically distrib¬ 
uted rows were employed. In preparing the. inoculum, in inoculating, 
and in planting the seed, adequate precautions were observed to pre¬ 
vent mixing of spores of different collections. The smut percentages 
obtained w^re based on counts of the total number of heads per row’ 
in 1934 and 1935 and of 300 heads per row’ in 1930. 

In the analysis of data three infection classes were used, as follow’s: 
0 5 percent infection—r(*sistant class (K); 6-35 percent infection=in- 
termediate class (1); 36 j)ercent infection and above— susceptible 
class (S). 

The (‘lassification is arbitrary and the limits of the infection classes 
have been stdected to lit the prcvsent data. The purpose of the classi¬ 
fication is to present in a convenient W’ay the host reactions in the 
l)resent study that differentiated the various races of covered smut. 
As shown in table i, increase in susceptibility frequently is accom¬ 
panied by an increase in the variability of infection. The progressive 
widening in limits of the intermediate and susceptible classes accom¬ 
modates these variations. In some j>revious studies of cereal smuts, 
narrower infection ranges have been considered significant for sepa¬ 
rating physiologic races. In the present study, however, the varia¬ 
tions in different years and between replications in a single year fre- 
(piently were too great to warrant the use of a classification w ith more 
than three classes of infection. In the three seasons in which the tests 
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wore rondiiolod at Itlnioa, N. Y., oxlronios of droiijxht-, pn'oipitaiion, 
ai)d heat oooiirred durinjj: the seasons of 1934, 193r), and 1930, 

respectively. Under such conditions, the separation of smut races 
doubtless should be based only on differences in pathogenicity that are 
fairly wide and reasonably consistent. 

In each of tlic 3 successive years of the experiment, tlie maximum 
percentages of smutted tieads in the susceptible variety Odessa were 
62, 54, and »50, respectively. In Nepal, tlie maximum percentages 
were 60, 45, and 58, respectively. The conditions for infection thus 
appear to have been adequate for the difl'erentiation of physiologic 
races. 

RESULTS 

n)ENTlFirATION OF PHYSIOLOdIC UA(’ES 

Tlie annual and average percentages of smut produced by each of 
the eight races of I sfilago horde}^ in 2 or 3 years of the tests, are given 
in table 1 . In ea(di year the two collections of each race produced 
similar results. Data for only one collection of each race therefore 
are recorded. As noted previously, some of the smut collections used 
were collected by Paris. These collections were numbered, but their 
physiologic race identity was unknown except that one (‘olleotion was 
labeled '‘form T’ and another "form 2 .’' In the present experiments 
the reaction of these races on the varieties Hannchen and Ncj)al was 
similar to tliat described by Paris (^), and Paris’ numbers were there¬ 
fore retained. The varietal reactions wdii(di differentiate tlie races 
are given in table 2 , and tliis is followed by a key to facilitate the 
identification of the races. Table 2 and the key sliow that the eight 
smut races may be identified with only five of the eight varieties used. 
However, two of the varieties omitted, CJatami and Trebi, have given 
good diffei'ential rea(‘tions with some races and have been useful in 
confirming their identity. Odessa, also omitted from the key, is 
needed to perpetuate race 8 . 

The total number of collections obtained from each of the 26 States 
that served as sources of tlie collections, and also the number of races 
and their relative jirevalence in each of these States as indicated by 
the collections used in these experiments, are given in table 3 . 
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I'aiilk 1. !*rrccnta(jf.‘t aj sinutinl hnnis in S tunirfirs of spnni^ hnrlnj mnrultiinl 
with S phifttinlogir rnrrA o/ IhtiUtgo honin, ami grotrn <it llhacn, X. 






Smutted heads in- 

- 



Race No 

Year tested 

Exc!el- 
sior 
(C I 
1248) 

(latanii 
«’ 1. 
575) 

Han- 
lichen 
(C 1 
531) 

Lion 
(C 1 
92:3) 

Nepal 
(C. 1 
595) 

Odessa 
(C I 
934) 

Pan¬ 
nier 
«' 1. 
1330) 

Trebi 
(C 1. 
936) 



Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 



cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 


1934 

0 0 

0 0 

K 2 

0 0 

0 0 

M 3 

0 0 

9 8 


1935 

n 

0 

18. 6 

0 

0 

36 9 

0 

2 4 

l .. 

1936. - - 

9 

0 

18 8 

0 

0 

44.9 

0 

2.2 


1 Axeriice. 

0 

0 

15 2 

0 

0 

38 7 

0 

48 


1193-1 

4 9 

12 H 

») »> 

10 2 

40 5 

41 2 

0 

.1 f» 

1 

1935 

1 0 

7 7 


17 K 

43 0 

30 8 

0 

0 

*. , 

1936 

1 0 

.:t r. 

" 

,2. 

58 2 

38 4 


9 

; 

1 \\eiat'e 

! 1 


7 

13. 5 

17 2 

3)1 8 

0 


j 

(1934 

j 2U 0 

o" 

0 

~7'i 

tiO 0 

25 0 

4.2 

; 0 

•1 i 

1935 

' 30 3 

6 


15 7 

45. 1 

40 8 

0 

' 6 


1936. 

1 29 3 

0 

0 

11 6 

46 5 

49 3 

0 

1 


1 A\ernt»e- 

i 26 5 

2 

1 

: 0 

11 5 

5t) 5 

38 4 

i 4 

1_: 

j 

|l93t 

(* 

0 

8 8 

0 

18 8 

1 45 2 

i 13 8 

1 24 2 

1 

1935 

* 9 

0 

' 13 2 

0 

32 0 

1 29 7 

1 13 5 

1 9 6 

^ - 1 

jl936 

' 0 

1 0 

; 10 5 

i " 

! 33 1 

29 5 

! 6 9 

1 4 2 


1 A\eiaj(e 

.4 

> 0 

' 10 K 

1 0 

28 0 

1" 

j 34 8 

1 11 4 

1 12 7 


(1934 
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' 0 

15 6 

0 

1 61 8 

i 

i 27 9 

. 

1935 

0 

0 

0 

1 19 1 

i h 

i 27 0 

! 0 

, IS 8 


1936 

0 

! 

i 0 

1 12 7 

i 9 

21 4 

0 

; 10 4 


i A \ ei ace 

! 0 

'r 0 

UJ_U 

; 15 8 

0 

! 3t) 7 

1 

I 19 0 


11934 

' 0 

' 0 

! 30 4 

1 25 5 

0 

.V2 6 

0 

1 45 8 


1935 

(1 

1 9 

! 17 4 

I 20 2 

0 

34 3 

0 

29 5 


h936. 

, 0 

0 

• 32 1 

19 3 

0 

50 2 

1 9 
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0 

1 0 

26 <> 

' 21 7 

: 0 

45 7 

: 9 

i 35 5 
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i s 

, 0 


1 

i 24 3 

j 5.3 5 

! I 5 

a 6 

7 
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3 

' 0 

( 

! ^ 
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1 0 
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6 

' 0 
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i 40 2 

i K 
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' 0 

0 

i '”7) “ 

0 

1 .5 

; 39 7 

' 0 

1 0 

s . i 

11936. - - 
■j 

0 

0 

i 9 

! 0 

9 

1 28 3 

' {) 

i 


1 \ vei ace 

I 

> 0 

! 0 

0 

1 

1 34.0 

1 0 
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Tahlk 2. Hvacitons of .1 varn’tiea of ,spring barlet/ which differentiate S physiologic 
races of I 'stilngo hordei 


1 Heaction*-- 

I 


Raw No > j 

PIvoelsior 
(V 1 1248) 

liiinnehen 
(C. 1. 531) 

Lion 

((’.1. 923) 

_ 

8 .. . 

R 

R 

H 

1. 

K 

1 

K 

7... - 

R 

R 

1 H 

4 . 

i ^ 

1 

1 H 

5 , . 

R 

R 


6 .. ... . . 

1 H 

I 


2. -. 

1 R 1 

R 

1 ^ ' 

3 . . . . .. 

i ' s 

R 

^ ! 


Neiial 1 Pannier 
(C\ 1. 595) I (r. I. i;WO) 


K K 

H I R 

I ! 

1 i 1 

H 1 K 

K ; U 

S i R 

8 R 


i The race numbers ore presented in the order jtiven to facilitate comparison with the key to 8 physiologic 
raises of Uatilago hordei that follows. 

-< K (resistant) =0"6 percent of smutted heads, I (intermedlate>«6":t5 i)ercent, S (susceptible)36 rw* 
ce!it or more. 
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Key li) eight physiologic races of Vslilago honfei 


Lion resiKtant: 

Nejml resistant.: rhymiogic met 

Han lichen resistant _ . _ .8 

Hannehen intermediate. _ I 

Ncfial intermediate: 

Pannier resistant_ _ _ .. 7 

Pannier intermediate _ — -... 4 

Lion intermediate; 

Nepal resistant: 

Hannehen resistant._ _ _ 5 

Hannelien intermediate.. . . _ ... — 0 

Nepal suscei>tihle: 

Excelsior resistant_ _ _ .. . .. _ 2 

Excelsior intermediate .. _ _ —.. — . 3 


Tahlk 3.— Xumher aid (hstrihutior, of physiologic, races of barley covered smut in 
iiOO collectW71.S from £6* States 


(’olloctums of raft* No 


Location 


Arizona. 
C’alifornm... 
("olorado- . - 
(Icorpia... 

Idaho . 

Illinois. 

* Iowa. 

Kansas. 

Louisiana. 

Michigan. 

Minnesota. 

Missouri. 

Montnna... 

Nebraska.. 

New York . 

North Carolina .. 
North Dakota 

Oklahoma. 

Oregon_ 

South Dakota 

Texas.-_ 

Utah..... 

Virginia 

Washington. .. 
West Virginia -. 
Wisconsin 

^'otal. . 


I 


Xnvihn 

1 I 
H i 


1 ! 

i ■ 

1 i - 

i — 
I 

j 

i 

1 i 


' I 

!■ i 


Xu mhn i .\ « iHhrr\ Xuinht r Xu inherW n mher\ Xu mbrr 

i- ! ‘I ! - 

1 I I . I 

I L- I 1 ! . ! 


1 

« 

1 

1 

1 

19 

1 

2 
9 

iO 

1 

IS i 

1 I 

2 ! 


J4 I . 

1 I 

T) I . 


114 ; 


Total 

collec¬ 

tions 


\mnhtr 

1 

:t7 

I 

:t 

17 

.1 

H) 

,1 

I 

I 

2(1 

■1 

9 

10 

.1 

19 

I 


I 

If. 

9 

2 rt 

1 

‘A 

2 (K 1 


The data in table 1 show, in general, a lup:h degree of consistency 
in the percentages of infection with each of the races during the 2 or 
3 years of tlie test. In some instances certain races produced a low 
percentage of smutted heads in certain varieties in 1934 but <.lid not 
cause smut in these varieties in the following years. This may luive 
been due to mixtures in the original collections that were screened 
out as a result of passage through selected hosts in the following years. 
Despite the fact that environmental conditions were mark(Ml by 
unusual variations in temperature and precipitation in the three 
seasons in which the tests were conducted at Ithaca, the spore-sus¬ 
pension method of seed inoculation proved effective and the degree of 
smut infection was reasonably uniform. 

Two facts are apparent from table 3: (1) The wide distribution of 
race 6 and (2) the predominance of race 5 in California and Wash¬ 
ington. 
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WINTER VARIETIES AS DIFFERENTIA!. HOSTS 

In the fall of 1935, the 28 winter varieties or selections listed in 
table 4 were inoculated with the eight races of covered smut and sown 
in triplicated, systematically distributed row s at Statesville, N. C. In 
other respects the general conduct of the test was similar to that wdth 
the spring barle.ys. The results of the test are given in table 4. In 
general, these winter barleys displayed little clear-cut differential 
reaction to the smut races except that about two-thirds of them were 
resistant to race 2. The Nakano Wase selections, including Esaw, 
however, were moderately susceptible to race 2 and highly resistant 
or immune to all other races. The Smooth Awn selections 86 and 203 
were the most uniformly resistant, showing less than 5 percent of 
heads smutted by any of the races. 1 Unfortunately, Esaw and the 
Nakano Wase and Smooth Awn selections are highly suscej)tible to 
the brown loose smut {Usfilago nuda (Jens.) Kell, and Sw.) wiiich is 
prevalent in the humid winter barley region. 

Doubtless as a preface to further studies on the use of winter barleys 
as differential hosts, a better knowledge of the influence of winter 
injury on the incidence of covered smut should be acquired. Tisdale 
(IS) and Faris (»i) have shown tiiat plants of certain winter barleys 
are more susceptible to winter injury when infected with covered 
smut than when not infected. In the experiment just described there 
were wide differences in the degree of winter injury sustained by the 
different varieties and this may liave obliterated differential responses 
to the races of smut that otherwise would have been apparent. 

Table 4 ' Percentages of smutted heads in 2S varieties of ivinter barley inocu¬ 
lated wUk <V phifsiologic raies of Vstilago hordei and groivn at St<ilcsvilU\ .V. C., 
tosr, Sfi 
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Another factor that seems due to assume greater importan(‘e in 
future studies of physiologic races is tlie influence of environmental 
conditions on tlie response of the host after infection. The results of 
Faris {3) seem to indicate that after the smut has penetrated the 
seedling environmental conditions may influence the host rt^sponse in 
* a way other than through winter injury; and, as Faris notes, ^‘the 
reaction of barley varieties to such environmental changes may not he 
the same.^’ Aainodt (/), Smith {13)y Rochuihiser and Holton {12), 
and Holton and Heald {H) have reported that environmental (‘onditions 
after infection may alfect the incidence of bunt in wheat. 

DISCUSSION 

Eight physiologic races of rstilago hordel have heem isolated on the 
basis of differences in their pathogenicity on (Ught varieties of barley. 
Although sufficient data are not yet available to permit a detailed 
discussion of the distribution of these races, it seems evident that the 
race designated No. (> is the most widely distributed. It was found in 
21 of the 26 States from which collections have been obtained. It was 
also the most frequently collected, occurring in 114 of a total of 200 
collections. However, in (California and Washington race 5 was out¬ 
standing, occurring 34 times in 37 collections from ("California and 17 
times in 23 collections from Washington. The predominance of race 
5 in California may be linked with the antiquity and survival of ("Coast 
barley in that vState. As noted by Harlan and Martini (7), when 
North America was discovered there were no barleys here. The early 
vSpanish missionaries introduced (bast barley into (California about 
1770, and it is still widely grown there. Of the 37 covered smut col¬ 
lections obtained from California, 20 came from (bast and the two 
(>oast-type varieties Atlas and California Tennessee Winter. Twenty- 
three 01 these twenty-six collections proved to be race o. The early 
importations of Coast seed in (California may have harbored tliis 
particular race of smut, wdiich has survived and spread with its 
susceptible and popular host. 
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Despite the apparent restriction of certain smut races to limited 
areas, the probability that the different races will be spread through 
wimi dissemination of spores and through the interchange of infected 
seed makes it highly desirable to breed barleys resistant or immune to 
all the known races of smut. To date Pannier (C. 1. 1330) has proved 
highly resistant or immune to seven races and only moderately sus- 
ceptihle to one. Ilordenm deficiens {(\ I. (U>8-1) and II, intermedium 
(C\ 1. 4377j, used only in tlie test of 1034, were highly resistant or 
immime to the six races occurring in the collections of that year 
Tlu^se two and Pannier also have proved highly resistant or immune to 
two races of the black loose smut {Pstilago nigra Papke) of barley 
recently described ( 14 ^ /6*). In these experiments no smut has been 
observed in Hillsji (C, 1. UU)4)and Lyallpur ((^ I 3403), yet the former 
was inoculated with 05 collection.® of P hordei in 1033 by Paris and 
both were inoculated with eight races of U hordei and two of T', nigra 
in 1035 by the wiiter (/6‘). In the light of the results of the present 
investigation, it apj)cars that fihysiologic races of V, hordei are not 
more numerous than those of other small-grain smuts and that the 
breeding of barleys for r(‘sistance to covered smut should not be 
hampered by lack of resistant j)arental material. 

SUMMARY 

Kight physiologic rac(‘s of (\stifago hordes were found in 200 col¬ 
lections from 20 vStates. Race separation was based on differern'es 
in pathogenicity on five varieties of spring barley. 

The most wid(*ly distributed race was collected in 21 of the 20 
States. It was also the most generally })revalent race, occurring 114 
times in the 200 collections. 

In (^difornia and ^\ashington another race was conspicuously 
prevalent and widespread. It occurred 51 times in 00 collc(‘tions from 
these States. 

ruder the conditions of a 1-year test wdth 28 winter varieties or 
sel(»ctions, little clear-cut ditrerential host response to the 8 races of 
covered smut was obtained. Marked differences in varietal response 
to winter injury occurred. A better knowledge of the influence of this 
factor on the incidence of covered smut in w'inter barleys is needed. 
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IMPROVEMENTS IN DETERMINATION OF OIL DEPOSIT 
ON SPRAYED FOLIAGE ‘ 

By L. H. Davvhky, associate chemist^ and J. Hilky, formerly assistant scientific 

aidCy Division of insecticide fntestigationsy Bureau of Entomology nn.d FHant 

QuarantinVy (Hited States Department of Agriculture 

INTRODUCTION 

A iiunibor of methods for the determination of oil deposit on sprayed 
foliage have V)een proposed during the last 7 years, but nearly all the 
reliable ones liave been applicable only in the determination of the 
highly refined petroleum oils. Success with such oils has depended 
upon the fact that they remain comparatively inert, whereas a large 
proportion of the natural substances extracted from leaves is de¬ 
stroyed by treatment with strong mineral acid (4, 7).^ Under 

such conditions it is possible to collect and measure the oil in Babcock 
bottles, and with a knowledge of the surface area of the extracted 
foliage, to calculate the deposit in terms of the (quantity of oil retained 
per unit of leaf area. 

In the case of the less refined petroleum oils however, the 
authors found it necessary to carry check samples, to which known 
(juantities of particular oils had been added, along with the unknown 
sani])les, for the purpose of correcting the results both for the plant 
substances undestroyed by the acid and for certain unsaturates 
eliminated from the j)etroleum oil itself by the acid treatment. These 
operations were no more time consuming than the average chemical 
determination. In a subsequent attempt to develop an even simpler 
method, applicable also in the analysis of fatty oils, Dawsey, Cress- 
man, and lliley (4) tried to standardize emulsions upon the basis of 
tlie (juantities of oil retained by wax-coated plates, but found that the 
deposit on ])late surfaces was not always proportional to that retained 
by a leaf surface. It was concluded tluit accurate ix^sults were best 
achieved by oil extraction directly from the foliage, and since then 
work has been carried forward on such a basis. 

Tlie purpose of the investigations described in this paper was to 
develop improved methods for the determination of oil depexsit on 
foliage which would be applicable to oils of animal and vegetable 
origin as well as to tlie nonvolatile petroleum oils. With this objective 
experiments were carried out to ascertain (1) which was the best 
solvent to employ in recovering oil from sprayed foliage, (2) the 
optimum conditions for recovery of 100 percent of the oil, or the 
total deposit, and (3) the accuracy obtainable under the optimum 
conditions for oil recovery. 

EXPERIMENTAL PROCEDURE 

All the tests were perfornuHl with leaves from plants of the Old 
Hose variety of chrysanthemum (Chrysanthemum hortorum) which 
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had been grown in the greenhouse in pots and allowed to reach a 
height of about 12 inches. Applications to sprayed foliage were 
made with emulsions stabilized with bone glue in the proportion of 
0 g of glue to 100 cc of oil. The precision sprayer and the spraying 
methods employed have been described previously U). 

EXTRACTION EFFICIENCY OF DIFFERENT SOLVENTS ON 
NATURAL LEAF SUBSTANCES 

The first tests were carried out to determine which of the more 
common solvents was best adapted for extracting oil from chrysan¬ 
themum foliage. It was apparent tliat the most suitable solvent 
wouhl be the one in which the spray oil was readily soluble and yet 
which would dissolve the least material from the leaves. 

Table 1 gives a comparison of the quantities of materials extracted 
by different solvents in the treatment of both powdered leaves and 
fresh leaf disks in a conventional type of apparatus. To prepare the 
pow^dered samples, unsf)raye(l leaves were dried in an electric oven at 
110° ('., pow'dej’ed in a mortar, and 0.5000-g samples were weighed out 
and placed in the tliimbles of an A.S.T.M. (American wSociety for 
Testing Materials) rubber-extraction apparatus. Extraction was 
alhwed to proceed until the liquids in the siphon cups were colorless. 
The extracts were filtered into weighed flasks, the solvents evaporated 
off, and the residues dried to constant weight at 110°. For the leaf- 
disk samples, 200 fresh disks of 1 cm diameter were cut per sample 
from the unsprayed plants. It was found that this number of disks, 
when dried and pow^dered, weighed 1.008 g. The fresh disks were 
extracted in a Bailey-Walker extractor for 3 hours, the solvents 
evaporated in the original w’cighed extraction flasks, the last traces of 
volatile substances taken off in a va(*uum desiccator at a pressure of 
2 to 3 mm of inercury, and the residues determined at constant weight. 


Taklk 1. — Helahve quanfihrs of plant ftubstanctu oi?acted frtnn dry^ pon dered leaves 
and from fresh, green chrysanlhematn^eaf disks by different solvents 


Solvent 


Potroloum ether 
Carbon disulphide- 
Carbon tetrachloride 
Ethyl ether .. 

Benzene_ 

Methylene chloride . 
s Dichloroethylene.,.- - - 


Powdered leavev j frevh leaf disks 


i 'olor of cstnict 

Kcsiduo ] 

('olor of cxlracl 

Hcsidnc 


Mu ! 

; i 

i Mu 

Vcllovi _ 

44 « j 

1 Ijjrht yellow i 

i ' 

Dark fireen 


lirown i 

ai 7 

. do 

8 ().a ! 

Yollow' 

' i8 8 

do 

K\ 1 

CJrcen 

1 49. 1 

do_ 

sa 0 1 

Yellow 

a8 2 

. . do . 

\H) 1 j 

. do .. . 


. do 

112.8 

„ . do 

a: 0 


Although the powdered leaves were extracted in the A.S.T.M. 
apparatus and the fresh leaf disks in the Bailey-Walker apparatus, 
the two sets of results are at least indicative of the relative quantities 
of leaf substances extractable, since the residues are calculated upoji 
the basis of l.OfiH g of dry leaf material continuously extracted for 
approximately the same period of time. 

It is evident that by drying and grinding the leaves before extrac¬ 
tion considerably more nonvolatile material is extracted tluin when 
green disks are used. In botli types of treatment minimum quantities 
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wore taken out by petroleum ether; so tliis solvent appeared to be the 
most promising one. In the extraction of the disks the petroleum 
ether showed only a light-yellow color, indicating that very little 
chlorophyll had been extracted. This is in keeping with the fact that 
clilorophyll is contained within the leaf cells, and if the cell walls 
are not broken practically none is extracted by this solvent. Such 
small quantities of substances as were obtained wdth petroleum ether 
from the fresh disks must, therefore, have consisted of natural w'axes 
and oils from the surface of the leaves. It was concluded from this 
experiment that petroleum ether would be the most suitable solvent 
to use in extracting the oil deposit from sprayed foliage. 

Rohrbaugh (7) claimed petroleum ether to be a superior solvent in 
the extraction of petroleum oils from dry, powdered citrus foliage. 

METHOD OF EXTRACTION AS AFFECTING OIL RECOVERY 

English {6) stated that oil was completely recoverable from Satsuma 
orange foliage in a limited number of washings on leaf disks, because 
subsequent extraction in a Soxhlet apparatus failed to show additional 
quantities of oil. Later Daw’sey (.^, 5) made improvements in the 
hhiglish nietliod, based upon the successive washing of disks with ethyl 
ether, as used in the determination of oil deposit on the foliage of 
(*amphor-tree, Satsuma orange, pecan, and chrysanthemum. Kohr- 
baugh (7), on the contrary, claimed that simply washing unground 
citrus leaves in such a solvent was insufficient for complete recovery. 

It w as therefore considered desirable to study some of the dilferent 
methods of extraction and thereby determine tlie optimum conditions 
for complete recovery of the deposit from sprayed foliage. To this 
end experiments w^ere performed to determine the efficiency of oil 
recovery in washing leaf disks a limited number of times, and also 
in continuous extra(*tion as is best carried out in a standard type of 
extraction apparatus. 

WASHING METHOD 

The first of tliesc tests w as a simple washing experiment with ethyl 
ether and carbon tetrachloride as solvents. Samples containing 200 
disks of 1 cm diameter were taken from unsprayed plants and from 
plants sprayed with a 2-percent emulsion of a highly refined petroleum 
oil. They were extracted in 125-cc flasks by washing four times wdth 
35 cc of solvent per w^ashing, after wiiich the residues in the total 
extra(‘ts were determined. All residues WTre determined on a volume 
liasis in Babcock bottles except the initial extractions with carbon 
tetrachloride, which were determined by w^eighing. The specific 
gravity of the oil was 0,8512 as used in converting weight to volume. 
Tlie oil from the samples of sprayed foliage W’^as calculated by sub¬ 
tracting therefrom the mean of the residues extracted from the un¬ 
sprayed foliage. Afterward the exhausted leaf disks were drieil and 
reduced to pow’^der, and the wuisliing treatment was repeated to 
recover any remaining oil. Table 2 show^s in the case of both solvents 
the quantities of residue initially extracted and those extracted in the 
second treatment. 
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Table 2.- —Extraction efficiency in washing the oil deposit from mixed leaf disks 
with ethyl ether and carbon tetrachloride 

ETHYL ETHER EXTRACTIONS 




j Residue from initial washings 

Residue from final washings 


Sample no 

Sprayed 

disks 

Un- 

sprayed 

disks 

Total oil re¬ 
covered 

Sprayed 
powder i 

IJn- 

sprayed 

l>owder 

Total oil re¬ 
recovered 

1 . 

2. 

58.7 

59.6 

( K).8 

4 3 
4.3 

4 (i 


Percent 

9 2 

1 9.1 

8 3 

Aiw3 

4.2 

3.9 

3 7 


Percent 


. . 

61.2 

! 4.5 

\ - 


9.3 

4 3 

- , 

- 


Mean. 

60.1 

4 4 

55.7 

91 8 

9.0 

4 0 

5 0 

8.2 


CARBON TETRACHLORIDE EXTRACTIONS 


1 . ... - 

Mg 

47 9 

Mg 

7 0 

Mg 


9 6 

2 4 


2. . 

51.9 

7 1 



11.4 1 

3 1 1 


3 _ _ 

51.1 

7.0 

\ 


10 7 

3 3 


4 .. . 

53.3 

6.6 

-- 


12 5 

2 7 ! 


Mean.- , J 

1 

51.1 

6.9 

44 2 

86. 4 

11. 1 

2 9 

_ J 

8 2 

1 


The total deposit as obtained with ethyl ether agrees closely with 
that obtained with carbon tetrachloride, the two figures being 60.7 
and 60.1 mm^, respectively, when calculated from the data in the 
table. In the four initiai washings ethyl ether was slightly rnore 
efficient, but since neither solvent recovered the oil completely, it was 
concluded that more drastic extraction measures were necessary. 

As in this example with chrysanthemum leaves, it is improbable 
that extractions carried out by Dawsey (S), in earlier work on cam¬ 
phor-tree and chrysanthemum foliage, recovered all the deposit. 
Washing disk samples four times wdth ethyl ether, however, is seen 
to give a good approximation of the total deposit on the foliage, and 
it is unlikely that the general conclusions regarding (ho insecticidal 
action of oil sprays drawn in previous w'ork (f, 2) are seriously in error. 

CONTINUOUS EXTRACTION 

A continuous method of extraction, with petroleum ether as the 
solvent, was tried next. Samples of green leaf disks taken from plants 
sprayed with a 2-percent oil emulsion, and from unsprayed plants, 
were prepared as before and immediately extracted with petroleum 
ether in the A. S. T. M. rubber-extraction apparatus. After con¬ 
tinuous refluxing for 2 hours, the solvent was evaporated down on 
the water bath, the extracts w^ere transferred to weighed flasks, and 
the residues were heated to constant w^eight at 110° C. The residues 
from the initial extracts were weighed. They were then transferred 
from the weighhig flasks to Babcock bottles and the oil in each sample 
was redetermined according to the jireviously developed volumetric 
method (S). Thus, a direct check was obtained upon the accuracy 
of the weighing method. Both the Babcock measurements and the 
results obtained in weighing are included in table 3. After the initial 
extractions, the exhausted leaf disks were dried, reduced to powder, 
and reextracted to determine whether all traces of the spray oil had 
been taken out during the first operation. The residues from the 
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second extractions were estimated by the Babcock method, and these 
figures are also shown in table 3. 

Table -Oil-rticovery efficiency of petroleum ether in continuous extraction on fresh 
leaf disks in A, S. T, M. extraction apparatus 


Sum pie 
no 


1 .. 

2 

4. . . 

Alriin. 


liesiduc from initial extraction 


1 Residue from final extrac- 


WelKht dotormination ! Babcock deterrninaf ion 


tion, Babcock determina¬ 
tion 


1 


Sprayed 

disks 

Un- 

sprayod 

disks 

Oil recovered 

Sprayed 

disks 

Un- 

sprayed 

disks 

Oil recov¬ 
ered 

Sprayed 

powtler 

Un¬ 

sprayed 

powder 

Oil recov¬ 
ered 

Mg 

Mg 

Mg 

Pet. 

Mm^ 

Mm^ 

A/w3 j Pet 

Mm^ 

Mm^ 

Min^ 

Pet. 

29.7 


32.4 


1 I 

2.5 

l.fi 


_ 

39 3 

"4 "ft" 


... - 

43 .5 

3.4 

1 > 

1.7 

1 9 


_ _ 

:w. 2 

4 .*) 



43.4 

3 5 

r/' “! 

: 1 8 

2 2 

_ 

_ _ 

3S 2 1 

3.9 



42.8 

L 

. j 

1.7 

2.1 


— 

3fl. 4 

4.3 

32.1 

100 0 

40 5 

3.4 

37.1 98 4 

1 1 9 

1 

2 0 

0 



This experiment showed that it was possible to recover 100 percent 
of the oil deposit, provided fresh leaf disks were continuously extracted 
in a standard type of apparatus for 2 hours with petroleum ether. 
This was proved by the fact that further drying, grinding, and ex¬ 
tracting of the previously exhausted disks did not give any more oil 
than was obtained from the unsprayed blanks that were run simul¬ 
taneously. There was considerable variation from sample to sample, 
l)ut the quantities of oil as cheeked by the Babcock method indicated 
tliat the weight determinations were reliable. The results of the 
Babcock determination were slightly lower than those obtained by 
the weighing method, but this was to be expected since small quanti¬ 
ties of oil may have been lost in transferring the residues from the 
weighing flasks to the Babcock bottles. 


Table 4. —of lapse of time hetiveen spray application and extraction upon the 
efficiency oj oil recovery from plant foliage 

21 IlOTTRS AFTER SPRAY APPLI(L\T10X 


I Resklue from initial extraction i 

...___ - _ . __ __I Resui lie from final extraction, 

I I { Babcock determination 

Sami)le 1 Weipht determination t Babcock determination i 


m/. 1 


___ 


_ 1 

_ _ 

. __ 



__ 

_ 



Sprayed 

disks 

sprayed! 
disks 1 

Oil recovered 

Sprayed 

disks 

i Un- 1 
sprayed 
disks 

Oil recoN - j 
1 cred 1 

1_: 

1 Sprayed 1 
i powder 

Un- ’ 
spra>ed| 
riowder i 

Oil re- 
<*<)vered 


Mg i 

1 Mg 

Mg 

PU 

A/ws 

Mm^ 

Mrrfi 

Pet. ' 

I A/w3 

A/7/i3 1 

i A/ms Prf. 

1. 

1 02.4 1 

1 7.6 

51 4 

... 

66.8 

4.2 I 

63,0 

1 

1.6 

1.7 

! 

2 __ 

01.8 

8 1 

53 8 


! 60.7 

3.5 i 

62 9 


1.1 

1.0 

-.L-- 

3. .... 

04.2 ! 

1 8.0 

50, 2 


! 09.8 

3.6 1 

66.0 



1.4 

1 

4. 

5».4 j 

1 8.2 

51 4 

1 

I 04.2 

4.0 

60. 4 


1.4 

.9 

. 

Aleaii— 

62.0 

8.0 

; 54 0 

100.0 1 

66 9 

3.8 

63. 1 

99.5 

t 1 

1.4 

1.3 

0 1 j 0 




6 DAYS AFTER SPRAY APPLU’.-^ 

lTIO> 




1. 

55.2 

8,3 j 

47.0 ! 


50.9 

3.7 

53.3 


1.3 

1 3 


2. 

53.1 

8.2 

44,9 


56.7 

4.1 

53. 1 


1 3 

1.3 


3. 

49.9 

8.0 

41.7 

, - -. 

54.0 

3.4 

50 4 1 


1.2 i 

1.3 


4.. 

66.0 

8.3 

47.8 


59.2 

3.2 

55.6 1 


1.5 1 

1.1 

— 

Mean.. 

53.6 

8.2 

46.4 

84.1 

56.7 

3.6 j 

53.1 

83.8 i 

i 

1.3 

1.3 

0 0 
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Further experiments were conducted to ascertain whether the total 
deposit could be recovered by continuous extraction with petroleum 
other when the extraction was delayed and larger deposits were used 
(table 4). In these tests a set of plants was divi(led, some of the 
plants being sprayed with a 5.0-percent petroleum oil emuJsion while 
others were left unsprayed. The foliage from half the sprayed plants 
was analyzed about 24 hours after application and the other half were 
set aside in tlie greenhouse for analysis 6 days later. In both cases 
extractions were performed on samples containing 100 disks clipped 
not more than II to 4 hours before extraction. Although only 84.1 
percent of the original oil deposit present could be found on the plants 
0 days after spraying, reextraction of the exluiusted samples, after 
drying and grinding, showed the oil recovery to be 100 percent. It 
is "thought that the reduction in deposit between the first and the 
sixth day must have been due to volatilization together with weather¬ 
ing (8) of the oil on the plant. 

EFFPICT OF TREATMENT OF LEAVES BEFORE EXTRACTION 

In further experiments on processing leaves before extraction, it 
was found that only 83 to 88 percent of the total deposit could be 
recovered during a 2-hour continuous extraction with petroleum ether 
in the A.S.T.M. apparatus when the disks w^re dried but not ground 
to powder. It appears, therefore, that mere drying of the leaves 
makes the oil even more difficult to extract, so that reduction of the 
material to a powder then becomes imperative, whereas if the leaves 
are extracted when fresh, continuous wasliing is sufficient for complete 
extraction of the oil deposit. Elimination of the nece\ssity for drying 
and grinding thus simplifies the W’ork involved in routine analysis. 

CHECK ANALYSES 

One experiment was carried out with refined corn oil, a tyiiical 
vegetable oil, to ascertain approximately the errors likely to occur in 
handling samples during analysis. 

Eight samples, each containing 200 disks from unsprayed foliage, 
were prepared. To four of the samples known weights of corn oil were 
added; the remaining four samples w'ere used as blanks. The extrac¬ 
tions w^ere made under the previously determined optimum conditions, 
followed by determination of the weights of residues and calculation 
of the quantities of oil known to be present. Table 5 shows the dif¬ 
ferences betwnen the calculated quantities of oil present and those 
known to have been added. The differences calculated on the basis 
of the amounts of oil present arc not more than ±2 percent. The 
largest errors occurred in the first two samples wdiere the quantities 
of oil present were small, but if differences between calculated and 
known quantities of oil are considered in terms of weigljt, then it is 
seen that they fall wdthin the variations occurring among blank 
samples; hence, the main source of error must be ascribed to variations 
in the quantities of natural leaf substances in the oil-containing samples 
rather than to losses of oil in handling. 
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Table 5. — Calculated quantities oJ corn oil recovered from samples by petroleum 
ether extraction as compared with knovm quantities of the oil added to the samples 



SampJi' no 

Oil addl'd 

Total rcM* 
duo px- I 
iractcd j 

. i 

Loaf sub- 
stancH's 
prospBt * 

ralrulali'd 
oil pre.'^Pivt 

Error 



Mg 

Mg 

Mg 

Mg 

Percent 

1. 


24.9 1 

36 4 ! 

n 

2.5 3 ' 

! +1.6 

2.. - . 


.56. !i 1 

66 8 1 

10 3 

1 55 7 

-1.4 

3... . 


113.4 1 

124 9 J 

n 5 

; 113 8 

+.4 

4... 


182 3 

193.5 j 

It 2 

182 4 

i .0 

Me.'Ui - 


.’ 

1 - 1 

1! 1 


i 


' lu th<' blank sutriplvs tho <|uanlitit‘s of leaf substances were 11.0, 10 0, 12 0, and 11.4 mg, willi a mean of 
11 3 mg. 


It is at onco apparent that the accuraey in the petrolenin ether 
extra(‘tion method for determination of oil deposit depends primarily 
npon liaving the same quantities of leaf substances in both blank and 
oil-containing samples, so that when the blank weights are subtracted 
from the weights of the oil samples a true figure is obtained for the oil 
(‘ontent. Tliis is best accomplished by running blanks simultaneously 
with oil samples, since blanks are known to vary, depending upon the 
length of time they are extracted. Moreover, the error in calculating 
the oil deposit may be larger for small deposits than for large deposits. 
For example, the following residues were extracted with petroleum 
ether in a test on unsprayed chrysanthemum foliage where the samples 
consisted of 200 disks, the time of extraction was 2 hours, and the 
Bailey-Walker a[)paratus was used: 


Rc‘si(iucs, mg . IS. t IS. 9 20.6 17.6 16.8 18.9 17.5 M-18. 4 

frt)m mean, 

mg_ ... 0 -I-. 5 [-2. 2 S -1. 6 * . 5 -. 9 


The extrejne difference fjoni the mean was i-2.2 in the third sample. 
If this sample had 30 mg of oil in it, the error introduced in analysis 
would have been about 7 percent; but if this sample contained as 
much as 300 mg of oil, the error woidd have amounted to only 0.7 
percent. In ])nictice the petroleum ether method has been found 
to show extreme errors within this range when a number of samples of 
sprayed, mixed disks are analyzed together with blank samples. 
(Ordinarily with an average-sized deposit of foliage, liowever, the eiror 
in analysis is small, and may be neglected in view' of the fact that very 
large differences in oil deposit, due to the coverage factor in spraying, 
comf)letely obscure small errors such as are detectable in the fore¬ 
going type of check analysis. 

DISCUSSION 

Although most of the experimental data were obtained with a 
refined petroleum oil of 94-percent iinsulphonatable residtie, the 
petroleum ether extraction method for determination of oil deposit on 
foliage, wdien carried out under appropriate conditions, is applicable 
to nearly all kinds of nonvolatile insecticidal oils, including the 
vegetable, animal, and less refined petroleum oils, the last nained of 
wdiich are appreciably attacked by acid treatment in the hitherto 
employed Babcock methods of analysis. A limitation exists, however, 
in the detennination of semivolatile oils such as pine oil, orange oil, 
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or kerosene, inasmuch as evaporation losses take place during analysis. 
The analytical procedure can be followed with standard pieces of 
laboratory equipment, since it embraces only four operations: (1) 
Cutting leaf disks in preparation of samples, (2) extracting samides 
with petroleum ether, (3) evaporating the solvent, and (4) drying 
residues to constant weight. The extraction can be made practically 
automatic with the aid of an electrical time switch, so that the labor 
is expended cliiefly in cutting the leaf disks and weighing the residues. 

Although the method has been developed primarily for determina¬ 
tion of oil deposit on chrysanthemum, it is possible that the same 
principles can be applied to other Idnds of foliage. For example, 
apple lea V es are known to give very much smaller blank residues than 
chrysanthemum leaves, on the basis of equivalent foliage areas; so 
the method may be applicable in the analysis of apple foliage with even 
greater accuracy. Whether the method can he used on citrus is not 
known, but it is thought that waxy leaves will give larger blanks, 
thereby lessening the accuracy somewhat. 

SUMMARY 

An improved weighing method is described for determination oi oil 
deposit on chrysanthemum foliage after s})raying with emulsions. 
The method is applicable t.o nearly all kinds of nonvolatile insecticidal 
oils, including both petroleum oils and fatty oils. The procedure 
consists of four steps: (1) Cutting leaf disks in preparation of samples, 
(2)^ extracting samples, (3) evaporating the solvent, and (4) drying 
residues to constant weight. Recovery of (ul from chrysanthemum 
foliage is 100 percent. 

Petroleum ether was found to be the most suitable* solvent to use in 
extraction, because it dissolved smaller quantities of the natural 
plant substances present on the foliage than other solvents tested. 

All the oil could not be extracted by vsimply washing disks a limited 
number of times, but wdien samples contained freshly cut disks and 
extraction was carried out in a standard type of apparatus for 2 hours, 
recoveiy was complete. Drying and grinding of the foliage before 
extraction was not necessary for complete recoveiy of deposit even 
6 days after spray application. 

The accuracy attainable by the method is influenced by the varia¬ 
tion in quantities of natural leaf substances extracted from the same 
number of leaf disks, from sample to sample, and depends upon the 
size of the oil deposit being measured as compared with the quantitv 
of leaf substances present. The error in calculating low deposits Is 
larger than the error in calculating high deposits. With average-sized 
and higher oil dei)osits the error in analysis is small and may be 
neglected, since very large differences, due to the coverage factor in 
spraying, obscure any errors detectable by the method of analysis 
when used in actual practice. 
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INTERRELATIONSHIPS OF EGG PRODUCTION FACTORS 
AS DETERMINED FOR WHITE LEGHORN PULLETS ' 

By I. Michael Leiiner, junior 'poultry husbandman and J^ewis W. Taylor, 
headj division of poultry husbandry^ California Agricultural Experiment Station 

INTRODUCTION 

It has long been rocognized that the egg-producing ability of the 
domestic fowl depends on a number of inherited and noninherited 
factors. Since the early attempts to identify and describe these fac¬ 
tors a voluminous literature has accumulated. »]ull (7) ^ has compiled 
a bibliography which includes the larger ])roportion of papers published 
in this field. It must be pointed out, however, that only a few such 
jiapers deal with the actual establishment of criteria for these factors. 
Most of the pap(*rs present statistical analyses of observables, de- 
s(‘ribed by arbitrarily selected criteria. 

Of the attempts to justify the u.se of one or another measurement 
on other than emjnrical grounds, a notable contribution is that of 
Knox, dull, and Quinn (S), who studied the interrelationships be¬ 
tween a number of different heritable and nonlu'ritable factors as 
well as thc'ir relation to the annual egg re^cord. Their conclusions 
were somewhat at variance with some of the work reported earlier, 
such as that of Hays and Sanborn (6*), and with some of the work 
published since (Lerner and Taylor W, ID), The latter have 
suggcst(*(l the use of a number of criteria for the measurement of 
certain of the factoi*s affecting egg production. The present paper 
deals with some extensions and further ramifications of these. 

Rs.sentially, there arc two types of genetic factors that enter into the 
expression of the egg-laying ability of the fowl. The first type affects 
the period of time' during which the bird is in lay, ami includes maturity, 
persistency, and pauses due to broodiness or other causers. The second 
type determines the intensity or rate of production of the birds w hen 
in lay. 

.\faturity has been found to be adeejuately measured by the age at 
first egg (Warren {14); Knox, ♦Full, and Quinn (<9); Hays (o)). IVrsis- 
tcncy has bc'en defined differently by different w orkers, ami the grounds 
on w hich age or ilate at last egg are suggested as criteria for its measure¬ 
ment have been discussed by Lerner and Taylor (1(1), Pauses as yet 
liave been defined only arbitraril}', various measurements of pause 
having been used l)y Hays (J, 4) J^^d others. The measurement of 
rate has also been a controversial issue, particularly in the relation of 
rate to pauses. The use of net rate of production (number of eggs 
divided by number of days in the laying period considered, less the 
number of days broody and in pause) has been discussed by Lerner 
and Taylor (9). The application of these criteria ami the effect of 
the observables they measure on egg production form the subject for 
the analysis presented in this paper, 
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MATERIALS AND METHODS 

The trap-nest records of the Single-Comb White Leghorn flock of the 
Poultry Division were used for the raw data of this analysis. The 
first-year laying records of two generatiotjs of birds were examined 
and only those of individuals that answered the following require- 
meiits were selected: (1) Birds that had completed their full first 
biological laying year. This eliminated all birds that died or were 
otherwise disposed of before undergoing a complete molt at the end 
of the first laying year. (2) Birds that did not pause; that is, hail 
no periods of 7 consecutive days of nonproduction during this time. 
This re(}uirernent was set up to eliminate the question of ])ausc fi*om 
consideration as far as possible until such time as more precise criteria 
of pause than those now used become available. It is recognized that 
the establishment of such a requirement has a certain element of 
arbitrariness in it, but it is likely that only a few, if any, birds whi(*h 
are genetically pausers would be included in the selected poi)ulation 
when 7 days is used as the standard for pause. A possible shortcom¬ 
ing of this method lies in the exclusion of some nonpausing birds and 
the consequent reduction in the number of birds represented in the 
pop^uhitions studied. 

These requirements provided a highly selected population of fairly 
superior layers. Since the hatching season for the 2 years studied 
was confined to March and April, and the management was uniform 
throughout, environmental variation may be considered as having 
* been greatly restricted. The analyses for the 07 birds of the 
series were made separately from the analyses for the 100 birds of the 
1934 series, so that duplicate figures for the 2 years are presented. 

The statistical methods used are those describerl by Ezekiel (;^), 
except for the calculation of the coefficient of multiple correlation, 
which was made in accordance with the method of Wallace and Snede- 
cor (JS), and the analysis of variance, which was performed in ac(‘ord- 
ance with Snedecor’s manual (J2). A fuller discussion of the various 
measures of part and partial correlation used will be made in conjunc¬ 
tion with the data presented. 

FACTORS CONSIDERED 

Two measures of unn ual egg production wore used: (1) The production 
during the 365 days immediately following the first egg, which is tlic 
ineasure most commonly used in breeding and in experimental prac¬ 
tice; and (2) the production during the whole of the first biological 
laying year, from the first egg at sexual maturity to the last egg laid 
at the onset of fall molt. The latter measure reflects more accurately 
the inherent ability of the bird to lay, since it lacks the arbitrary ele¬ 
ment introduced in the first measure. 

Since the population selected w^as nonpausing and nonbroody, the 
only time factors involved are maturity and persistency. Age at first 
egg was adopted as the measure for the former and age at last egg for 
the latter. Material presented elsewhere {11) indicates that for the 
population studied the two measures are equivalent so far as the pro¬ 
portion of variance that is genetic in nature is concerned. Although 
on the basis of susceptibility to environmental differences, date of last 
egg was found to be a superior measure of persistency, age at last egg 
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was used here by analogy with the measurement used for sexual 
maturity. 

The type of measurement for rate of production presented the most 
difficulty. Though on the basis of considerations previously outlined 
(^) net rate was to be used, the essential point of importance was the 
selection of the period of time to be used for the determination of rate. 
As a first step, the calendar year was divided into three 4-month pe¬ 
riods, designated winter (November-Febriiary), spring (March-June), 
and summer and fall (July-October). h"or the sake of brevity the 
last period will henceforth be referred to as summer. 

The rate of production for each bird for each of these periods was 
calculated and then used individually in combination with the two 
measures of the time factor. Kate was also measured by single 
monthly periods but these calculations an^ not presented, since the 
establisliment of broader principles rather than details is desired here. 

As the first step in the analysis proposed, the heritability of the fac¬ 
tors to be studied was determined. The simplest way of approaching 
this ])roblem is through the determination of the relative variance in 
the observables studied which can be assigned to the differences be¬ 
tween the sires of the pullets used in the study. While such variance 
would represent only a portion of the total genetic variance, a relative 
estimate of tlie sires’ contribution which fnids its expression in the 
phenoty[)e of the daughters is made. Since the nmuber of different 
sires involved in the 1933 series was some\vhat out of proportion to the 
number of daughters, the (uialysis of variance was carried out only for 
the 1934 series. The results of this analysis are presented in table 1. 
1'he lower limit of significance for the degrees of freedom involved is 
an /’value of between l.fio and 1.88, and it may readily be seen that 
with two exceptions all the values are highly significant. Winter 
rate is found to have border-line significance, but undoubtedly passes 
the test of heritability since only a portion of the genetic variance is 


Tabm-: ]. ‘~Ana///,s?s of variance of ihe dependent and independent variables irith 
respect to sires, 19SJf series ’ 


Souice or 


ToIhI . 

Bet,ween means of .sire*'. 
Wnliin means of siies 
F . 


Source of \'flnnnce 


Total. 

Uetwetm means of siies_ 

Within means of .sires 

F .. 


Deurces i 
of frtM'- 1 
d(^m 1 

,Ki.Vday product loii 

, Biological lay me- 
; ' ear production 

\pe at first ege 

Tolui 1 
.s<iuaros ! 

Mean 

srjuarc 

i 

, Total 1 Mean 
j stiuares i scjuare 

Total ! l^rean 
squares ! s<uiare 

99 ! 

101,093 j 


1 .. 


80,275 1. 

19 j 
KO 1 

4.’),7SO ; 
fi'i.aoT j 

2, 109 S 
G9l .3 
3 49 

i 84,8.34 1 4. 404 9 
j 99, OOU 1 1, 238 4 
i -- 3.01 

1 1 

22. .584 J 1, 188 6 

03.691 ; 7tW>. 1 

1.49 

Ajre at last ejrg 

1 i 

Winter rale j j Summer rate 

Total 

s(iuare.s 

iVTean 

s<iiiare 

Total 

square.'- 

Moan j Total 
siiuaro } squares 

Mean | Total i Mean 
square ! squares square 

183. IfM 


5.311 

... -! .\211 


i i ■ ■■ 

-- i 0, 17S 1 

7(1. (XiU 
107, IKi 

4,002 1 

1.338.9 

2.99 

1, f»98 
3,813 

89 4 i 2,318 
47 7 1 2,8«:t 
1.H8 1 . 

123.0 2.307 i 124.6 
St'S. 8 ' 3,811 ! 47.0 
3 45 j _ 2 62 


1 F at .ViHjrcent point —l.SH, Fat 1-percent point -*2 42 
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represented here. The lack of significance in age at first egg is, how¬ 
ever, surprising, not only because there is no question as to its genetic 
nature {5, 14)y but also because at leasit one of the pairs of genes con¬ 
cerned in its determination is known to be sex-linked. Thus the 
greater portion of the genetic variance exhibited in the daughters 
should be ascribablc to the infiuence of the sire. A more complete 
test made on a larger population where pausing {)ullets were also 
included in the analysis indicated that a genetic basis for age at first 
egg cannot be questioned (11), 

CORRELATION ANALYSIS 

The coefficients of simple correlation between the various observ¬ 
ables studied are presented in table 2. Instead of the standard errors 
of these coefficients, the values of r, representing values most probably 
true for the universe from which tlie sample was drawn and calculated 
in accordance with the formula presented by Ezekiel (2)^ are given. 
These values serve as an adjustment for the size of the sample used, 
at the same time indicating the true magnitude of various correlation 
coefficients with a greater degree of accuracy. 

Tabi.k 2. —Zero order coefficients of correlation^ 19SS and t9S4 series 


\ Hruibl<‘s c<)rrelttt#'<I 


3ft5-<ia.v production, hkc at fir‘5t egg 
3f)5-dHy production, age at last egg. 

3(i5-day productum, winter rale_ 

SfifKlay pro<iui*t ion, spring rate 

3r).5-duv production, smnnier rate. 

Biological Inying-year production, age at first egg . 
Biological laying-year production, age at la.st egg... 
Biological laving-year production, winter rate . 
Biological la,\ing->ear production, sfiring rate 
Biological laymg->ear firoduction, summer rate 
Age at first egg, age at last ege _ .. . 

Age at first egg, winter rate - ... 

Age at first egg, spnng rate ... 

Age at first egg, summer rate 
Age at la.st egg. winter rate . 

Age atlast egg, spiiiig rate ... . . 

Age at last egg, summer rate 
Winter rate, spring rate.... 

AVinter rate, purnmer rate . . 

Spring rate, summer rate ... 


19.33 

i 1934 senes 

1 

; 

' r 

1 „ 

I ^ 1 

r 

-0 34H 

‘ -0 329 

-0 3K7 ' 

-0 370 

431 

' .417 

.542 ' 

5,40 

495 

1 . 4K4 

543 i 

537 

705 

1 m) 

501 1 

5.55 

. 

1 .5,50 

403 ) 

4.54 

- 430 

! - 410 

- 3Ml ' 

■ 309 

592 

1 .5S3 

091 

0K7 

400 

1 153 

,^.02 

195 

.591 

. 5H0 

359 


4S1 

i . 472 

380 1 

.3f;7 

. i:u 

045 

.151 i 

114 

0H7 

0 

138 ! 

095 

020 

1 i 

i i 

089 

142 

1 

1 .029 I 

0 

137 

' 003 ' 

177; 

145 

159 

: KM) ! 

271 ' 

252 

24.3 ; 

1 . 212 1 

.OlHl 1 

0 

5K9 ; 

i i 

471 i 

. 403 

34S 


212 ; 

.187 

74.5 I 

i .740 1 

905 1 

904 



_ ' 

_ 


It is evident from table 1 that the five independent factors exercise 
an influence on the annual record, measured either by the 3fir)-day or 
by the biological laying-year production. The time factors are rela¬ 
tively independent of each other, the coefficients of correlation between 
age at first egg and age at last egg being 0.045 and 0.114 for the two 
respective series. Age at first egg also shows very low correlation with 
the tliree measures of rate, the coefficients varying in magnitude from 
zero to 0.095. Age at last egg, on the other hand, shows soinewliat 
higher coefficients of correlation with the rate measurerneuts. How¬ 
ever, the two series do not give exactly the same results. In orcler of 
magnitude, age at last egg is most closely correlated with summer rate 
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and least with winter rate for the 1933 series, while for the 1934 series 
it shows a zero coefficient with summer rate and the highest value of 
0.252 with spring rate. 

Correlation coefficients between rates during the different seasons 
also show some variation. Tlie Idghest correlation obtained is between 
spring and summer rate, followed by tliat between winter and spring 
rate, the lowest coefficient being that between winter and summer rate. 
The latter is, of course, to be expected, since the two periods do not 
follow one another on the calendar scale, as is the case with the other 
correlations. 

Table 3 presents coefficients of multiple correlation with two and 
three independent factors at a time and the two production measures 
in turn as tiie dependent variable. The most probable values of the 
coefficients for the universe are once more presented instead of the 
standard errors, and these values are used for calculations leading to 
the results presented in the subsequent tables. 


Table 3. -(^tefficierOa of multiple correlation^ 1933 and 1934 series 


IndeiMMidpril varmblp^ 


I 

i 

I 

I 


1933 series 


1934 series 


i Hfifnlay prcKiuc- j 
lion I 


Biological la> > 
uig'Vear pro¬ 
duct ion 


3f)r>-dav prodne-' 
lion ' 


1 


BioIork al la> - 
ing-year pro¬ 
duction 


\r(* a( first CRg. ape at last epR. 

Age at first egg. winter rale. 

Age at first egg, s|»nng late ... 

Age al first egg, summer rate 
Age at last egg, w inter rate 
Age at la.vt egg, spring rate 
Age al last egg, summer rate . 

Age at first egg, age at last egg, vv in¬ 
ter rate .. 

Age at first egg, age al lust egg, spring 
rale . . .. ... 

Age at first egg, age at last egg, sum¬ 
mer rate... 


i 


li 

I< 1 

n 

Ji 

(1 594 

1 1) 577 

0 782 

0 775 


.filfi • 

663 . 

. 650 

,793 

i .7g5 ’ 

740 

73] 

711 

701 ' 

699 

688 


«IM> ‘ 

.708 ' 

697 

775 

767 ' 

779 

.771 

fill 

! . 627 , 

688 

676 

757 

1 

. . 744 1 
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It may be noted that the addition of any factor one at a time raises 
the values of the coefficients of correlation above those obtained with 
two variables. Tsing three independent factors at a time further 
increases the niajijnitude of the coefficients of correlation obtained. 
The squares of these coefficients are used as the coefficients of total 
determination (table 4). They indicate the percentage of variance in 
the annual record which is accounted for by the variance in the three 
independent factors. 

No uniformity can be observed as to the magnitude of the total 
determination with respect to the measures used for rate. Thus in 
the 1933 series the highest coefficients obtained are those for whicli 
spring rate is used, accounting for 75.0 percent of tlic variance of the 
3()5«day record and 80.3 percent of that of the biological laying-year 
production. In the 1934 series, however, it is the winter rate which 
gives the highest determination, accounting for 77.3 and 91.4 percent 
of the variance for the two respective measures of an annual produc¬ 
tion. On the otlier hand, the lewdest coefficients are obtained wdien 
wdnter rate is used wdtb respect to the 3G5-day production and summer 
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rate with respect to biological laying-ycar production in the 1933 
series. In tlie 1934 series summer rate in the first case and spring in 
the second yielded the lowest values. 

TabIjE 4 .—Coefficients of total determination, 19S3 and 1934 series 


Dependent variable 


305-day product ion.. 


RioloRiail laying- 
year production.. 



1933 .series 

1934 i 

Independent variables 

Coeffi. 
ciont of 

Standard 

C-oetfi- 
eient of 


total de- 

error of 

total de- 


termina- 

estimate 

termina- 


tion 


tion 

fAge at first egg, age at last egg, wintei 

0 553 

19 8 

0 773 

rate. 

Age at first egg, age at last egg, spring 

. 756 

14 6 

.739 

rate 

Age at first egg, age at last egg, summer 

609 

18 4 

. 689 

rate 

[Age at first egg. ago at last egg. winter 

,783 

10. 9 

914 

rate. 

Age at fir.st egg, age at last egg, spring 

Hf,3 

13 5 

7C>4 

rate. 

\ge at first egg, age at la.st egg, summer 

773 

17 3 

.821 

rale 





Standard 
error of 
estimate 


15 2 

16 3 
17. H 
12.9 
21.4 

1H.6 


The coefficients of total determination obtained by Knox, Jull, and 
Quinn (<‘^) fall within the range of values presented here. These 
workers, however, used six independent factors, and the highest co¬ 
efficient they obtained with a nonselected population of White Leg¬ 
horns was 0.766. Thus for the above coefficient, date of hatch, date 
of first egg, age at first egg, length of winter pause, and number of 
eggs laid in August and September were used. Date of hatch is not 
a heritable factor ; age at first egg and date of first egg are dujdicating 
measures of maturity since the coefficient of simple coiTelation reported 
by Knox, Jull, and Quinn between these two variables is 0.901. Tln^ 
number of eggs laid to March 1, though designed to measure intensity, 
is also a measure of pause, showing a correlation coefficient with length 
of winter pause of —0.824. Similarly, production in August aiul 
September falls short of being an adequate measure of persistency, 
since it is probable that the element of rate influences it, although no 
correlation coefficients to test this point are presented by Knox, Jull, 
and Quinn. 

When these workers used only three independent measurements, 
purporting to measure the same observables as used in this paper, a 
coefficient of multiple determination of 0.745 was obtained for a White 
Lejjhom flock and of 0.785 for a Rhode Island Red flock, values 
which are of the same general magnitude as the ones reported liere. 
It should be noted that the.se independent observables measuring rate 
(production to Mar. 1) and persistency (August and September pro¬ 
duction) both form a part of the annual record, thus tending to make 
the coefficients reported spurious to a degree. In the case of rate as 
measured here this may also be partially true, since in a nonpausing 
population net spring rate differs from production for the sj)ring period 
by a constant (the reciprocal of the number of days in the period). 
So far as winter and summer rates are concerned, tlie number of days 
in tlie production period is not the same for all birds and hence this 
criticism is less applicable. 
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Table 4 also presents the standard errors of estimate for the coeffi¬ 
cients of total determination. These have been obtained directly 
from the latter coeificients in accordance with formula 49 of Ezekiel 
Their magnitude varies from 12.9 to 21.4 eggs for the different 
combinations presented and their values indicate the degree of relia¬ 
bility to be placed on the multiple correlation values. 

Table 5 presents the constants of the multiple regression equations 
from which estimation of either the 365-day or the biological laying- 
year production may be made. These were used for the calculation 
of the part determinations. 


Tablk 5. — Conslanis of the multiple regression equations^ I9S,i and 19S4 series 
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RELATIVE IMPORTANCE OF THE INDEPENDENT VARIABLES 

TJic (leterminalion of the relative influence of the independent vari¬ 
ables on the dependent factor is a somewhat complex procedure. A 
number of methods are available for this purpose, but it may often 
happen that different interpretations arc possible when different 
methods are used. When equal or proportional numbers of observa¬ 
tions for various subclasses are available, an analysis of variance prob¬ 
ably serves the purpose best. However, when such is not the cose 
aiui when the making of certain assumptions necessary for such an 
analysis is not a justiiiable procedure, other metliods have to be used. 
Ezekiel (^) presents four such methods, of which three have been used 
for this study. The fourth, involving the calculation of coefficients 
of separate determination, doCvS not give the net action of each of the 
indef)endents on the dependent variable, and includes the interactions 
betw een the independents in the final values obtained. Furthermore, 
Ezekiel does not recommend the use of this method on a number of 
other grounds. 

The three methods used here involve the determination of the coef¬ 
ficients of partial correlation, the coefficients of part correlation, and of 
the partial beta coefficients. The relative magnitude assigned to each 
of the independent variables affords a measurement of their importance 
in influencing the dependent factor. 

The fii’st of these coefficients is a measure long familiar to the w orkers 
in the field of inheritance of egg production. The squared coefficient 
of partial correlation measures the reduction due to the added factor 
in the variance remaining after the effects of the other independent 
factors have been accounted for. It is calculated in accordance with 
Ezekiels formula 50, and the values obtainfed appear in fable 6 under 
the heading ^Tleduction in unexplained variance.” 




Table 6. —Relative importance of factors affecting the annual record, 1933 and 1934 series 
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The coefficient of part correlation differs from the first measure in 
that the adjustment for variation is made only in the dependent 
factor. The coefTicient of partial correlation may be said to measure 
the relationship between the net variation of the independent factor 
from which the variation due to other independent factors is removed 
and the net variation of the dependent factor, similarly adjusted. 
The coefficient of part correlation, on the other hand, measures the 
relationship between the latter and the gross or unadjusted variation 
of the independent factor considered. It is calculated from formula 
51 of Ezekiel, and the scjuared values of it appear in table 6 in the 
columns headed ^^Coefficient of part determination.^’ 

The third method used involves the partial beta coefficients, which 
represent the coefficients of the regression equations placed on a 
comparable basis with each other by expressing them not in the units 
in which they were originally stated but in terms of their respective 
standard deviations. To avoid negative values the squares of these 
coefficients rather than the coefficients themselves as determined by 
Ezekiel’s formula 52 are presented in table 6. 

The values obtained by these three methods do not alw ays give tlie 
same order of magnitude for the different variables, but general trends 
can be deduced from examination of the order in wrhich they appear for 
the different regression equations. Thus perusal of table 6 brings out 
the fact that when the biological laying year production is considered, age 
at last egg is the single factor of greatest miportance. Except in one in¬ 
stance, that of the 1933 series partial correlation coefficient when sum¬ 
mer rate is used as the measure of intensity, higher values are obtained 
for age at last egg than for age at first egg or any of the tliree rate 
measures used. Age at first egg undoubtedly seems to be the factor next 
in importance, the rate measures showing the lowest values throughout 
with a minor exception in the case of the 1933 series, where spring 
rate gives a somewhat higher value than does age at first egg. 

Wlien the 305-day production is considered the picture is not as 
clear-cut. Age at last egg still may be considered as the most im- 
])ortant factor, although in a number of cases it appears to be some¬ 
what less important than rate. Age at first egg gives unifomily the 
lowest values for the 1933 series, but shows greater influence on the 
egg record in the 1934 series. 

So far as the relative value of the three measures of rate is con¬ 
cerned, it is hard to pass judgment on the basis of table 6 alone. 
However, comparison of the data from this table with those of table 
4 definitely establishes the point that summer rate is the least ade¬ 
quate of the three measures. Spring rate seems somewhat superior 
to winter rate, although in a number of cases, particularly when 365- 
day production in the 1934 series is considered, winter rate accounts 
for a greater percentage of variance than does spring rate when age at 
first egg and age at last egg have been already a<‘counted for. 

In general it may be considered as established that in this non¬ 
pausing population the time factors are of greater importance than 
the rate factor. Of the factors considered age at last egg, measuring 
persistency, is the greatest single factor affecting the expression of 
the inherent ability of a bird to lay eggs. The significance of this is 
enhanced by the fact that Asinundson (1) using similar methods of 
analysis found that this observation also holds true for turkeys, wdien 
date of last egg is used as a measure of persistency. 

32771—37-0 
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CONCLUSIONS AND SUMMARY 

A biometric analysis of the egg production records of two selected 
nonpausing population of Single-Comb White Leghorn pullets 
reveals that: 

(1) 55.3 to 91.4 percent of the variance in annual egg record as 
measured by 3r)5-day or by biological laying-year pro<hiction can be 
accounted for by tlie variation in age at first egg, age at last egg, and 
winter or spring or summer and fall rate. 

(2) The variance of these factors is to a considerable degree genetic 
in nature. 

(3) Of the factors considered age at last egg is the most important 
single factor affec'ting egg production. 

(4) Net summer and fall rate of production is not an adequate 
measure of intensity, the use of spring or winter rate giving more 
accurate estimates of the annual production. 
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COMPARATIVE REACTION OF OAT VARlETiES IN THE 
SEEDLING AND MATURING STAGES TO PHYSIOLOGIC 
RACES OF PUCCINIA GRAMINIS AVENAE, AND THE 
DISTRIBUTION OF THESE RACES IN THE UNITED 
STATES * 

By M. N. Levine, pathologist^ Division of Cereal Cro-ps and Diseases^ and D. C. 
Smith, agents Division of Forage Crops and Dtseasesy Bureau of Plant Industry^ 
United States Department of Agriculture ^ 

INTRODUCTION 

In the course of studies eairied out at the Minnesota Ag^ricultural 
Experiment Station on the reaction of diflVrent varieties and hybrids 
of oats to the stem rust fungus, P'liccinia gramints annae Eriks, and 
llenn., the following questions arose: (1) Would the results obtained 
from inoculating seedling plants with specific physiologic races corre¬ 
spond with the results proemed when plants of the sanlc varieties 
approaching maturity were inoculated with identical laces of the 
fungus? (2) With how many and wdth w^hhdi particular physiologic 
races is the oat breeder likely to be confronted in the United States 
in any ghen area or in the country as a w’hole? Field practice might 
be considerably simplified and expedited if heterozygous and homozy¬ 
gous Fa lines could be classified on the basis of seedling reaction in 
greenhouse tests; and the problem of developing resistant varieties 
might be facilitated if adecpiate knowledge W’ei‘e available regarding 
the prevalence and distribution of the different physiologic races of 
oat stem rust. 

Uesulls obtained by various workers in the past have, in the main, 
indicated essential agreement lietw een seedling and adult-plant reac¬ 
tion to rust within the limits of a given crop variety, although a few' 
notable e\(*eptions have been reported. It w'as to investigate this 
})oint for each known physiologic race of Fuccirtia gra minis arenae, 
tested on standard varieties and promising strains of oats, that the 
present study was undertaken. The work was greatly simplified by 
the use of purified cultures of all knowm physiologic races of oat stem 
rust, by the availability of some very important varieties and strains 
of oats commercially growm or in the process of development, and by 
the accumulation of rust-survey data over a period of many years. 

1 Rooehed for pubh(*4ktion Peb 3, 1937 Issued December 1937 Joint contribution of the Duision of 
f ereal Crops and Diseases, Bureau of Plant Industi >, U S l>epartnient of A^nculturo, and the Dis ision of 
Plant Pathology and Botanj and the Division of Agronomv and Plant Genetics, State Agricultural Experi¬ 
ment Station, university of Minnesota. rat>ei no 1499 of the Scientific Journal Senes of the Minnesota 
Agricultural Experiment Station 

^ The writers are indebted to Dri E C Stakman andH. K Uaxes of the Muinesota Agricultural Experi¬ 
ment Station, for their interest and assistance in this inxestigation, to Dr. W L Gordon, of the Dommiou 
of Canaila Rust Research Laboratorj, and to Dr R U Cotter, of the Division of Plant Disease Control, 
Bureau of Entomology and Plant Quarantine, U S Department of Agriculture, for uredial material of the 
several parasitic rac’es of oat stem rust used in this stuiv, to members of the I>i\ ision of Plant Disease Con¬ 
trol, Bureau of Eiitomologj and I’lant Quarantine, and others, too numerous to list by name, who have 
supplied rust s|)ecimons from x anous parts of the I nited Stales m the course of many years, and to Drs 
E C tflakman, D L Bailey, A WMIenry,J M. Wallace, and R U Cotter for xaluabletielp in identify mg 
many of the stem rust collections forming part of tiie survey incorporated in this pa})er. 
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REVIEW OF LITERATURE 

The question of the relation between the reactions of seedling and 
adult plants to rust has long attracted the attention of plant patholo¬ 
gists and plant breeders. While in most cases there is evidence of a 
close correspondence, in some instances the interaction between host 
and parasite apparently undergoes modification as the plants approach 
maturity. Thus, certain varieties of wheat that were highly suscep¬ 
tible to specific physiologic races of Pucemia graniinis tritici Eriks, 
and Ilenn, in the seedling stage withstood stem rust epidemics under 
field conditions exceedingly well, even though some of these races 
were present in considerable abundance. Thus far, no such dis¬ 
crepancies have been reported in the great majority of cases wdierc oat 
varieties were tested. 

HISTORY OF COMPARATIVE REACTION IN WHEAT 

" As early as 1914, Stakman (^0)^ reported on the relatively high 
susceptibility of Einkorn and lumillo (durum) wdieat, in the seedling 
stage, to stem rust under greenhouse conditions, and their extreme 
resistance as adult jilants in the field. Later, Stakman and Piemeisel 
(33) noted that certain grasses, such as some species of Agropyron 
and Eh/mvSy were completely susceptible wdien young but much less 
so wdien older. While Melchers and Parker (23) found that, in 
genera], seedlings inoculated in the greenhouse reacted to the rust or¬ 
ganism in a manner similar to that of adult plants in the field nursery, 
they wxu’e aware that jilants showing certain effects when inoculated 
in the seedling stage in the greenhouse may respond very differently 
when ^subjected to the same rust organism in the heading stage under 
field conditions. 

Hayes and Aamodt (JO) pointed out that certain wheat strains WTre 
at least moderately resistant to stem rust in the field, although under 
greenhouse conditions these strains, as seedlings, w(*re sus(*eptib]e to 
a number of races of Pucemia graminis fritiri Hursli (18) called 
attention to the difference between the stem rust reaction of Acme 
seedlings in the greenhouse and that of plants of the same variety on 
approaching maturity in the field. Harrington (13) concluded from 
the reaction of some durum crosses that there w as ‘‘a complete lack of 
correlation between either resistance or susceptibility in the field and 
the reaction of the liybrids to form 21 in the greenhouse.Hayes, 
Stakman, and Aamodt (17) demonstrated rather conclusively that 
certain varieties and hybrids of wheat, although susceptible in the 
seedling stage in the greenhouse, possessed appreciable resistance in 
the field, even where the stem rust epidemic w’^as induced by many 
physiologic races. Aamodt (f, p. 217) states: 

A greenhouse test is necessar^^ to determine the mode of inheritance of the reac¬ 
tion of a variety or hybrid to particular physiologic forms. A field test is necessary 
in order more fully and accurately to determine varietal reaction to rust under 
the particular environmental conditions where the variety is to be grown. 

Levine (19) reported that during the 5-year period 1919-23 the 
reaction of wheat varieties in a given field nursery was generally the 
same as in the greenhouse to pure cultures of the physiologic races 
isolated from such a nursery. “This, however, was not always true 

* Reference is made by number (italic) to Literature Cited, p. 727. 
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of Acme, Monad, Pentad, Kota, and Vernal, which often escaped 
infection under field conditions'' {19, p. 117), Goulden, Noatby, and 
Welsh {12) showed that resistance in the maturing stage was inherited 
independently of seedling resistance and, consequently, concluded 
that the two types of resistance were quite distinct. 

Harrington and Smith {14) obsepcd that while “the use of seedling 
results as indications of after-heading reactions would have to depend 
upon the variety under consideration", there generally was a positive 
correlation between the seedling reaction and the degree of infection 
after heading. Popp {28) reported that Acme and 11-44 developed 
resistance to race 21 as they approached maturity, although in the 
seedling stage they were susceptible to the rust. Newton, Johnson, 
and Brown {25) confirmed the fact that in the case of Acme the seed¬ 
ling reaction cannot be considered a criterion of its rust reaction at 
maturity. Hart {15) demonstrated that some varieties of wheat 
(notably Hope, Webster, Acme, and Velvet Don) may in part owe to 
the behavior of their stomata their resistance to stem rust in the field. 
Goulden {10) pointed out that the inheritance of maturative reaction 
is entirely independent of seedling reaction, insofar as H-44 and 
Pentad are concerned, and that this inheritance is of a simjJe nature. 
Results obtained by Goulden and Neatby (11) indicate that the 
maturative resistance of 11 44-24 and Hope is effective, or nearly so, 
with respect to all known physiologic races. Neatby (24)^ after a 
study of the comparative reactions of seedling and adult plants of 
three (crosses (MarquilloXReward, GarnetXMarquillo, and GarnetX 
Double (Voss), came to the conclusion that-- 

tho inheritance of the fieUl reaction to stern riist, as deterinincfl by percentage 
inf('ction, in those crosses is mainly if not entirely controlled by the factors whicli 
govern in the inheritance of the seedling reaction to form 21 in the greenhouse, as 
(ietermined by i)iistulc type. 

In Uruguay, according to Gnssiier (7), fudd infection of leaf rust is 
most severe on young wheat jrlants, whereas stem rust develops more 
profusely as the plants grow older. The beliavior of crown rust there 
IS similar to but less marked than that of oat stem rust. Thus, in 
Uruguay, within the same variety of host plant the degree of infection 
with a given rust varies to some extent according to the age of the 
plant. 

HISTORY OF COMPARATIVE REACTION IN OATS 

There are not, to the authors’ knowledge, any studies I'oported in 
the literature designed primarily to show the relation of seedling and 
adult-plant reactions in varieties of oats to specific races of stem rust. 
A few investigators, however, have considered this problem inciden¬ 
tally with regard to both stem rust and crown rust. Thus, Parker 
{26) reported on the reaction of more than 120 lines of oats to both 
rusts. The effects of each rust on oat seedlings and maturing plants 
were studied. He states {26, p. 13): 

In 80 out of the 122 cases the rt'sults at two distinct periodvS in the life of the 
host plant have led to identical conclusions as to the susceptibility of the variety. 
In some of the resistant varieties, also, both seedlings and mature plants gave the 
same evidence of resistance, though the results arc not always in agreement. 

In subsequent experiments on rust reaction in oats made by the 
same author (27), the variety SLxty-Day proved to be about equally 
susceptible in the adult stage as in the seedling stage when inoculated 
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with stem rust. Similar results were obtained with crown rust. 
Durrell and Parker {6) found that oats in the seedling? and heading 
stages reacted similarly to crown and stem rust in greenhouse and 
field tests. Stakman, Levine, and Bailey (31) stated that “as a. result 
of previous work, it is safe to conclude that the reaction of seedlings to 
rust forms is a fairly accurate index of the reaction of older plants^^ 
where oat stem rust is concerned. It appears from their description 
of methods, that Mackie and Allen (21) might have noted a positive 
correlation between seedling and adult phuit reaction, though no 
definite statement concerning this point was made by them. 

The results obtained by Bailey (2) on the reactions of seedlings and 
adult plants of oats to stem rust indicate the existence of a close agree¬ 
ment in the material lie used. Oordon (8) found that some 230 
varieties and strains of oats of American and European origin were all 
higlily susceptible in the seedling stage to race fi of Fuccinia gramini^ 
avenae, and that the seedlings of all but 1 of these varieties were about 
equally susceptible to race 4. In a field test these two rust races were 
similarly virulent on adult plants. Levine, Stakman, and Stanton 
(20) noted a general agreement in the reaction of certain varieties of 
oats, grown in uniform rust observation nurseries at various exjieri- 
ment stations during the 5-year period 1923-27, with the rea(‘tion of 
seedling plants grown in the greenhouse to physiologic races of stem 
rust isolated from these nurseries. Welsh (4(^) demonstrated that in 
all c.ascs where resistant lines of oats were tested with races 1, 2, 3, 5, 
and 7 of P. graminis arenae, in the greenhouse and in the field, there 
was full agreement in the reaction of the seedlings with that of the 
maturing plants. According to Gordon (»9), essentiallv the same re¬ 
sults wore obtained with seedling and adult plants of Joanette strain, 
when inoculated with identical physiologic races of stem rust of oats 
and cultured under comparable temperature conditions. Smith (^29) 
noted essential agreement between seedling reaction to stem rust and 
crown rust of oats, grown under greenhouse conditions, and the reac¬ 
tion of adult idants of the same F 3 families when grown in the field, 
in the environment existing at University Fann, St. Paul, Minn. 

The foregoing review reveals a striking uniformity in the results 
obtained by various workers regarding the relative susceptibility to 
rust of oat plants at different stages in their development. In vir¬ 
tually all cases there appeared to be a harmonious agreement in the 
reaction of seedling and adult plants of oats to both stem and crown 
rust. No such correlation prevailed in every instance reported for 
wheat varieties, as was brought out in the preceding section. 

MATERIALS AND METHODS 

The oat varieties of the present study, tested both in the adult and 
seedling stages, were as follows: Gopher (C. 1.^ 2027), Victoria (C. J. 
2401), Minnesota 742 (C. 1. 2874)^ Anthony (C. 1. 2143), Minrus 
(C. I. 2144), Rainbow (C. I. 2345), and Richland (C. I. 787). These 
oat strains were used because of their importance in the breeding 
project of the Minnesota Agricultural Experiment Station or because 
of differential characteristics valuable in the identification of stem rust 
races. The varieties Gopher and Victoria always have been highly 

C. I. refers to accession number of the Division of Cereal Crops and Diseases (formerly Office of Cereal 
Investigations). 

* Hybrid selection, Minnesota nursery stock no. 11-22-220. 
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Plate 1 




Reaction clashes assit?ne<l to dilTerontial varieties, based on infection tyjies prodiicttd by physiologic races 
of stem rust on seedling plants of oats‘ .1, Kesistant class, exemplified bv tyjie 0 (no infection at all or 
pronounced necrotic fiecks), type 1 (minute uredia surrounded by distinct necrotic areas), and type 2 
(small uredia embedded in hypersensitive areas ranging from slight necrosis to definite chlorosis); B 
susceptible class, portrayeil by tyjie 3 (medium size uredia with some chlorosis but no necrosLs), and 
tyiie i (large and confluent uredia resulting in severe infection); C, mesothetic class, marked by type X 
(infection heterogeneous and rather ilbdeflned). 
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susceptible to all known physiologic races of Puccinia graminis avenae. 
Anthony, Minrus, and Minnesota 742 react very much like their 
Wliite Tartar (White Russian) parent to the various rust races. The 
stem rust reactions of Rainbow and Richland are virtually identical, 
and either may serve as a substitute differential host for the other. 

(Joplier, a pure-line selection from Sixty-Day, was described in 
detail by Stanton, (iriffee, and PRheridge (So). Victoria was described 
by Murphy and Stanton (23) and again by Stanton and Murphy 
(36), Minnesota 742 is a strain that was obtained from crossing 
MinotaXWhite Tartar by Black Mesdag; it is generally extremely 
resistant to loose and covered smut, and is at least moderately resistant 
to most parasitic races of stem rust. Minnis was described by Wilson 
and Arny (42) as Minnesota 693. Anthony and Rainbow were 
described by Stanton, (laines, and Ijovc (3/^). Richland was described 
hx Burnett, Stanton, and Warburton (4), 

In addition to the seven varieties just enumerated, six others were 
tested in the seedling stage to all known parasitic races of Puccinia 
graminis avchae, i. e., races 1 to 10, inclusive, and in the adult stage 
to race 6 alone. Fourteen more varieties were tested to all 10 races, 
but only in the seedling stage. A key for the identification of these 
rust rac(»s follows. 

Afuilijtical key for the iitentifirafion of physioloyic r<i<rH of Putrittia gra7tums avenae 
on the bosis of then' pathoyemciiy on three selected differentiol varieties inthin the 
genus Arena 


Keaction of difrorciilial hosts: phymMc 

White Tartar K'histaot: raci (key 

Hictihiud r(‘«istiiiit. J 

8ovnothn*e r(‘sistiiiit. . . _ 1 

Sevnotiirci* mesothetie 5 

SovnoltiriHi susci'ptiblo_ . . . 2 

Hictilarid mesolhetic. 9 

Kichlancl susceptiiilf: 

Sevnotiiree iiioscUliftic_ 10 

8evnothreo wusc(*[)tible_ ' . _ . _ _ 8 

Whito Tartar susceptible: 

Itichland resistant: 

Sevnothreo resistant_ . . . . _ __ 3 

Sevnothree s'uscH'ptible_ 7 

Richland susceptible: 

Sevnothree resistant. ., . _ , 4 

Sevnothree susceptible __ ..... ... _. 6 


The various types of infection that the oat stem rust fungus is 
(»aj)able of producing under different circumstances are illustrated in 
plate 1. The parasitic hcliavior of the several rust races, cultured at 
a temperature fluctuating around 70® F., is rec'orded in table 1. The 
reactions of seedlings of three differential varieties of oats to each of 
the 10 physiologic races are depicted in plate 2. 
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Table 1. —Reaction of differential varieties of Avena spp.^ in the seedling stage^ to 
physiologic races of Pucdnia graminis avenae^ expressed in ranges and means of 
infection types 


Reaction of clitlerential hosts > 


White Tartar 


Physiolojsif race (ke> no ) 

Range 


Mean 



Mini- 

imim 

Maxi¬ 

mum 


1. .. 

2- 


2+ 

2 ...-... 

2^ 


2-f-l- 


3 

4+ 

4~ 

4___ _ 

4- 

4 + -i- 

i 4 

_ _ 


3«' 

2++ 


4-f- 

4-f+ 

44 

7 

3 

4-f 

4 

8 ' "_’ 

0, 

2-f 

2 

1) . -- -.. 

2- 

3n + 

2db 

... . 

1 

2f 

2 


Richland Sevnothree 


Range 


Range 


. - ~ 

— 

Mean 


— 

Mean 

Mini- 

Ma.xi- 


Afini- 

Mftxi- 


mum 

mum 


mum 

mum 


0; 

1 + + 

1 

1 - 

24 4- 

14: 

1 - 

24- ; 

14 

4i« 

4-1- 

4 

1 

2-f-f 1 

1 

0: 

1 

1 — 

4- 

4-h + 

44 

0; 

1 4 

J 

1- 

2+ 

14-4- 

1« 

X4 4 

X t 

4-f 

' 4 f f* 

4 h 

4-1- 

4f-f 

44 

0; 

2 + 

1 2 = 

» 

44- 

1 4 ^ 

3 

4f 

! 4 

3 

4 

1 3-f-i- 

X- 

4«‘*- 

: X4- 

3f4- 

! 44 4 

4 

3 

4f 4“ 

4 

X - 

. X f-i- 

X4 


I 0, practically immune (no infeetiim whatever or pronoutiml necrotic flecks or lesions); 1, extremely 
resistant (minute uredia suriouuded by solid necrotic areas), 2, moderately resistant (iiredia small with 
hyijersensitive areas varying from sharp nei'rosis to pronounced chlorosis); 3, moderately susceptilile (me¬ 
dium-size uredia with slight chlorosis hut no necrosis), 4. extremely susceptible (large cuutlueiit ure^lia result¬ 
ing in very severe infection); X, characteristically inesothotic (infection heterogeneous and ill-deflned) 
Pius and minus signs indicate a .slightly greater or smaller amount of rust wdthin a given Infection t> fie, the 
sign of equality denotes double minus. Necrotic flecks are designateil by a semicolon; n= illstlnct nwrosis. 
c=-apparent chlorosis 


Kaoes 1 to 5, inclusive, were originally described by vStakinan, liO- 
vine, and Bailey (St)^ and later elaborated on by the last-named au¬ 
thor (2), Further studies with these same races, as well as races (> U> 
9, inclusive, wcu'c reported in detail by (Jordon 09). Ka(‘e 10 was first 
discovered and described by Cotter (o). The pathogenic behavior of 
all these races was summarized by Stakiuan et al. 0^^). A few of the 
races are widely distributed and of cominoii occurrence, some are 
extremely virulent, others are relatively innocuous. 

The procedure for testing the different oat varieties in the seedling 
stage was, except for some minor modifications, essentiallv the same 
as that described by Stakman, Levine, and Bailey (Sf), 'fhe method 
of testing the adult ])lants was as follo>\s: Of the seven varieties pre¬ 
viously listed, all but Richland were planted in three sets, sown 3 days 
apart. Each set consisted of thirty 4-inch pots, making 90 pots for 
each variety. After the pots had been steamed for half an hour at 12 
pounds pressure, they were filled with soil steamed for 2% hours. 
Three to five seeds of a given variety were sown in each pot. When the 
plants reached the eaily seedling stage, they were thinned to a single 
plant per pot and allowi^d to grow to a late heading stage. 

All potted plants were set on benches in a greenhouse whore for 
some time previous there had been no stem rust cultured. Here the 
plants grew under natural light conditions, wliicli in tlie course of the 
experiment were unusually favorable. The atmospheric temperature 
in the greenhouse fluctuated between 67° and 80° F. The pots were 
at first jdaced close together; as the plants became larger, these pots 
were arrange<l in double rows, allowing a 6-inch space between pairs. 
When the plants attained a height of 8 inches, a cord lattice was made 
to hold them erect. When they were approximately 20 inches tall, 
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the cord support was removed and in its stead individual wire supports 
for each plant were substituted. 

The plants were watered as frequently as nec^essary to prevent 
severe wilting, usually every 24 liours. The growth produced was 
somewhat more succulent and tender than that usually attained by 
plants grown in the field. Wliat effect, if any, such succulence had 
on the reaction of the plants to the rust attack was not experimentally 
determined, except as manifested by the character of the rust develop¬ 
ment and the resultant infection types. 

Eight days before a given set of adult plants was inoculated, seed 
of corresponding varieties was sown in 4-inch pots to provide seedlings 
for simultaneous inoculation with the respective physiologic races. 
At tlie time of inoculation, the adult plants were 30 to 40 inches tall 
and in the boot stage. There were one to five tillei*s ])er plant, all 
plants appearing vigorous and showing no indication of chlorosis or 
other weakness. Immediately preceding inoculation, the potted 
adult plants were placed in tall metal cylinders, which rested in pans 
containing water to a depth of VA to 2 inches. Each incubation 
chamber (‘ontained 20 jdants of two separate oat varieties or strains. 

The different sets of oat })lants were inoculated seriatim with uredio- 
spores of a particular race in the following manner: The adult plants 
were sprayt^d with tap water and thoroughly bruslied with rusted 
seedling plants of Victory oats severely infe(‘ted by a known rust race 
that had been carefully ti'sted for purity. The moist chambers then 
were <*ov(‘red with glass jianes. Three days later the inoculated 
])lants wer(‘ nunoved from the incubators and placed on greenhouse 
lienches. StM^dling ])lants were inoculated at the same time and incu¬ 
bated for 2 days inst(*ad of 3. Incubation conditions were comparable 
for the different oat s(»ts and growth stages. This method was used 
for all physiologic races except race 10, which was not available at 
the time. Subseouently, race 10 also was used to test the reaction of 
seedling and adult plants of the seven oat varieties under uniform 
cultural conditions. The variety Richland was tested as a unit to 
each of the first nine physiologic races, but was included with the 
other six varieties when their reaction to race 10 was determined. A 
special test of tlu^ reaction of adult plants to race 0 was made with 
SIX additional varieties, viz, Hajira (C. I. 1001), logold (C. 1. 2329), 
Joanette strain (C. 1, 2()(K)), Sevnothree (C. I. 3251), Victory (C. 1. 
1145), and White Tartar ((". I. 551). 

Rust notes were taken on eacli of the sets 17 days after their respec¬ 
tive inoculations. At that time pustules on both seedlings and ma¬ 
turing plants had reached their optimum development. Although 
the infection varieil with the different races on the several varieties, 
it was generally rather severe on the susceptible ones. The reaction 
of all varieties ami strains, even wdien resistant, was clear-cut. Three 
reaction classes were recognized, namely, resistant, mesothetic, and 
susceptible. These were designated in the records by the capital 
letters R, M, and S, respectively. 

As may be seen from plate 1, the resistant class embraces infection 
types 0, 1, and 2 (type 0 indicating immunity, type 1 high resistance, 
and type 2 moderate resistance); the mesothetic class includes but 
a single infection type, X, indicating a heterogeneous and ill-defined, 
somewhat intermediate reaction; and the susceptible class is repre¬ 
sented by types 3 and 4 (type 3 standing for moderate and type 4 
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for complete susceptibility). In this study, rust observations on 
seedlings are recorded in terms of detailed infection types, whereas 
readings on adult plants are recorded in terms of general reaction 
classes. The respective symbols are used to denote cacli. Wherever 
necessary, plus and minus signs are used to show greater or smaller 
fluctuations within a norm. 

RESULTS OF INVESTIGATION 

The results obtained from the tests with seedlings and adult plants 
of the different oat varieties arc summarized in tables 2 and 3 and 
illustrated in plates 3 to 8, inclusive. The occurrence of physiologic 
races of oat stem rust ® and their relative prevalence in the United 
States are recorded in tables 4 and 5. 


Table 2.- - Average infection 'produced by 10 physiologic races of Puccinia graminis 
avenae on seedlings of ^7 varieties and strains of oats grown 'under greenhouse 
conditions and conshtuiing fo'ur distinct reaction, or differential, groups 


Variety testo<i j Mean infeetion tMie produced by physiologic race (key no ) ~ 


Kcac- 

tion 

N anie 

1 

' r 1. 

1 

2 

3 

4 

.5 



8 

9 

10 

group 

no 

fVnthony. 

. no 

i 

214't 

1 

i 

44- 

_ 

4-4- 

2- 

■ 

1“ 

_ 

4 

2— 

2- 

24: 


(Jreen Mountain 

1 1092 

i 2 

; 2- 

1 

4-F 

2ir 

1 

1~ 

2 

2 1 

2 

1 

Minnesota 742 .. . 

> 2S74 

i 2= 

' 2— 

4 

4 j 

l± 

4- 

4-1- 

2~ 

1» 

2- 


Ml nr us . .. 

2111 

2- 

1 2 — 

44- 

4 f- 

2— 

4J. 

44. 

2— 

24. 

24. 


White Tartar 

.Vil 

1 2± 

' 2— 

44- 

44- 

2_ 

44, 

44 

2— 

2- 

2-t 


Hajira. 

1001 


1 1- 

1-F 

4 

I 

4rb 


I 

X.1: 

44: 


Haw keyc. 

2104 

i 

i 

2ja. 

1- 

2 

4- 

2 

1~ 

X f 

1 4 

•2 

logohi . 

232U 

1 1 

! 1- 

Irfc 

4 + 

i*- 

4-i 

14 

4 

X 1- 

4 4- 

Iowa 1)07... 

2K70 


' 1 j- 

2ss 

44“ 

24= 

4-^ 

24- 

4 

X- 


Kuinbow. 

2245 


' iHr 

2- 

44 

1 

4d. 

14 

\± 

X ^ 

4^ 


Richland. 

707 

1 l=b 


1 + 

4± 

1± 

4± 

J-i 

4 i 

X 1 

4„ 

S 

/.loanctte strain. 

2'’i0() 

1 t-fc 

1 4f 1 

1 I- ! 

1- , 

X 

4 4- 

44: ‘ 

4 -f- 

! 44 

; 1 

X 

ISevnothrec. 

3251 


i ^ ' 

' 1- ■ 

l± , 

Xrfc 

44 

4- ■ 

4-^ 

X ^ 


/.\lber_ 

! 2700 

1 4 

! <1 , 

4d , 

4 r 1 

4 4 

■ 4- 

4 : 

4 4 - 

4 f- 

4-t- 


Belar. i 

i 2700 


1 4— 

4 ' 

1- 1 

4- 

' ■* 1 

1 

4 

1 

4^- 


Bond .. 

! 2733 

i 

1 4 i 

4^ 

4f- 1 


4 4 1 

44 ' 

1 4 

1 i 

1 


Ca&sel. 

2911 

4d 

i 

H ! 

4f j 

14- 1 

14 4 1 

44 

4 i 

4 1 , 

4 1 


Cowra.' 

2701 

1 3f 

i 1 

4 , 

4i- ; 

44- j 

1 1 

1-^ , 

4 = 

i 1 < 

l-f 


Fulmer .. ..{ 

2912 i 

[ 4- 

1 4- ; 

4 ! 

4 

If ! 

4 

44 

1 

i 4 1 

4-4- 

4 

(Habrota. . .. _ ..i 

2030 1 

1 3+ 

' 4 : 

4 1 

d'i' ’ 

4^- I 

4 ! 

4 

4 

4 

44 


Gopher . , . . .1 

2027 i 

i 4= 1 

> 1 ! 

4-f- 

> i i 

^ i 

4 4 ■ 

1 

14 

4.i. 1 

4 


Kan’ela ^ ; 

2774 i 

4 

4-t. j 

4 i 

4- ! 

4f- 1 

4 t 

*4- , 

44 

4 i. 



Uiiakura.1 

2025 

4-f 

4-L 1 

4-i- ; 

14- . 

! 

H- , 

1 

44- 

4 1- ' 

* *44 


Storisel. . _ ... . 

2.S91 


4^ : 

4 

44- 1 

^ ! 

44 ' 

4 1 

4 

4 +- i 

4 f- 


Swedish Select . , . j 

134 

I 44- 

1 1 

4f 

1+ ’ 

44- 

44- ’ 

4 

4 

4 - '' 

4 


Victoria .... 

2101 

1 4 1- 

lir i 

4 

+ i 

44- - 

4 4- > 

44r 

44- 

4f 

44- 


A'letory.. ... | 

1M5 

1 44- 

4dr ! 

t 

4 ! 

4ir 1 

44- ; 
1 

14 i 

4+1 

41 

4+i 

4± 


• In conformity with the decision of the Sixth International Hotanical (’’ougress, the designations ‘‘para’* 
sitic and/or physiologic race or races” are given preference in this paper over their former equivalents, 
“biologic and/or physiologic form or forms ” 
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Table 3. —Comparative reaction under greenhouse conditions of seedling and adult 
plants of seven varieties and strains of oats to 10 different physiologic races of 
stem rust (Puccinia graminis avenae) 


Physiologic 
race(key 
no) 





rnoGUlation results on varieties tested » 
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: 
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3 
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R 
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o 
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K 
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3 

1 
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1 

It 
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s 

3 

s 

! 4 , 

8 
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s 

4 

s 

4 
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4 

S 

4 

s 

4 

s 
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.s 
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1 

K 

1 

It 

2 

It 

1 

H 

2 

It 

4 

s 
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s 
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4 

s 

1 

s 

4 

s 
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4 

S 

♦ 

s 
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R 
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1 

K 

1 

It 

4 

s 

4 

JS 

4 

s 

4 

s 

4 

s 
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4 

s 

i 4 , 
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1 2: 

! It 

1 2 

K 

! 4 
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i 4 

s 
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X 

M I 

1 X i 
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1 It 

; 1 
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1 s 

4 
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4 

i 

: 4 ^ 

S 

; 2 
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j ^ 

i ’‘I 

2 

1 It 

4 

1 

1 
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1 
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' Tin* scvj'rril vanities mo Kfoui^od into throi* calepories, \, B. and according? to ihinr reaction to tlie 
vano\i‘» physiolofjic rac4*s For M‘e(ilinti plants the a\crape infection t.spe is piven. for adult plants, the 
reaction class, as follows K, lesistant, S, suscefinblo; and M. niesollndic or intermediate in reaoUou. 


Table 4 —Summary of the distribution of physiologic races of Puccinia graminu 
avenae obtained from various parts of the Vnited States during the fo^year period 
arranged according to standard geographic divisions and oai^growing 

areas 


Distribution of phvsiolopic race fki\\ no )- - 

I Total ; 

Plttc<* of origin ' of ISO' - ' - — -- - - - 

; ; 1 : a : 5 ! 7 i 10 



iVm m- 

Sum- 

I'er- 
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Per- 

\um- 
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Xu m 

Ptr- 
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1 ftef 
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Atlantic States .... 

31 

«> 

i\ 5 

20 

64.5 

7 

22 t. 

1 

3 2 

1 

3 2 

Fast NTorth Central State.s . 

' 3.U 

7 

2 1 

211 

63 8 
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33 5 



2 

6 

We.st North Central States.. 

i 9rt5 

)2 

1 2 
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72 9 

249 

25 8 

1 
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South Central States.. . . 
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K 

2 1 

2ti0 

69 3 
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! _ 

1 

2 3 

30 
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1 l,"tt 

" 343 

71 3 1 

128 i 

1 26. b i 

i-J-j 

2 



Great riains: 

j 





'1 

j 

j 


[ ! 


North Dakota. 

145 1 

i 2 1 

1.4 1 

93 

64 1 I 

50 

34 5 ! 





South Dakota. 

; 119 

i 


80 

72. 3 1 

3:i j 

27.7 ] 

.1 




Nebraska... 

1 77 


1 

59 1 

76 6 

18 i 

I 2:1 4 1 





Kansas. 

1 143 

1 ^ 

" .7 1 

122 ! 

85 3 1 

2t) I 

14,0 ! 





Oklahoma. 

* 125 

2 i 

1 6 

103 1 

82 4 1 

20 

16 0 i 




7. ■; 

Texas,... 

j ‘i'll ! 

6 

2 5 

149 1 

61 8 

! 86 ! 

i 35.7 , 

j 


1_: 


Total... 

1 xs"! 

n 

~'l 3 

612 , 

72,6 

227 1 



... . ; 



Entire region. 

j i,m \ 

27 

i7r 

1.166 1 

70 2 

466 j 

1 28.0 1 

zd 

~\\ 

2 
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Table 5. —Frequency of occurrence of physiologic races of Puccinia graminis 
avenae isolated from rusted field specimens obtained from different parts of the 
United States during the various years of the 16-year period 19‘21~S5, inclusive 



Total 
of iho- 


Distribution of physiologic race (key no ) 



Years 




— 

- 


— 


. .. 



lates 



2 

5 


7 

.. 


Num- 

Nvm- 

Per- 

Niim- 

Per- 

Num- 

Per- 

N'nm- 

Per- 

Nu m- 

Per- 

First 5 years 

her 

her 

cent 

her 

cent 

her 

cent 

her 

cent 

her 

cent 

1921.. .. 

12 

5 

41 7 

4 

.58 3 







1922__ 

12 

3 

25 0 

0 

.50 0 

3 

25 0 


. 



1923... ... . . 

13 

7 

5:1 8 

5 

38 5 

1 

i, < 





1924... 

51 

1 

2.0 

.30 

58 8 

20 

39. 2 





1925 .. . . ... 

29 

2 

0.9 

27 

93 1 



-- 

... 



Total. 

1.^ 

18 

15 4 

75 

Cl. 1 

24 

20 .5 





Second .5 years- 












1920.. 

ni 

0 

9.8 

fw3 

80.9 

2 

3 3 





1927. . . 

101 



90 

89 1 

11 

10 9 





1928. .. .... 

250 



208 

81 3 

48 

18 7 





1929 . .... . . 

221 

1 

4 

155 

09 2 

08 

30 1 


- . I 



1930 .. . ... 

144 

1 


81 

58 3 

57 

39 0 


1 .1 

2 

i 4 

Total ...- 

780 

8 

1 0 

.590 

75 1 

ISO 

2:4 7 

i 

1 

2 

2 

Thinl 6 years: 




1 

07 2 j 


I 





1931 . 

387 1 

1 

3 

200 


120 

32 5 i 

i 

I 



1932 . 

lOS 1 

1 

9 

.58 

.53 7 

49 

45 4 1 

1 




19:13 . 

.'iH 

1 

1 7 

37 

0.3 H 1 


29 3 ! 

2 I 

:t 5 ' 


1 7 

1934 .. - ... 

130 



99 

70 2 i 

3 I 1 

2:1 8 1 

I 


■ 


1935 . 

159 

1’ 

_ '"1 

105 

m 1 1 

53 1 

33 3 i 


1 


. 

Total . 

812 

Z.v 

5 I 

559 1 

00 4 1 

270 i 

32 H ; 

2 I 

.2 ' 

1 

1 

Entire pericKl . 

1.745 1 

30 } 

1. < 

1 .^ 4 "! 

70 1 i 

1 

480 1 

1 

27 9 ; 

“ I 


" 3 ' 

. 2 


SEEDLINd AND ADULT PLANT HEA('TIC)N OF OAT VAUlKTIFiS 

III table 2 are listed 27 varieties and strains of oats that wi^rc lest(‘d 
in the seedling stage, under fairly uniform greenhouse conditions, to 
all of the physiologic races of Puccinia gram inis accuae known to dat(‘ 
It will be noted that on the basis of tlieir reaction to the various rust 
races, these varieties were readily grouped into four cat(»gories. In 
the first three of these are included varieties possessing ilifferential 
reaction characteristics tliat make possible tlie i<lentifi(‘ation of 
physiologic races of the oat stem rust fungus. The varieties included 
in the fourtli group show" very little difference in their reactions, eitJier 
with respect to each other or to the several physiologic races. Conse¬ 
quently, they are of no differential value in the detiTinination of 
physiologic races; nor are they of parental value in breeding for stem 
rust resistance, although they may possess other desirable features. 

The three groups containing varieties with differential traits arc 
listed in the order in which the standard differentials appear in tlie 
analytical key (p. 717) and infection record (table 1). The varieties 
within each group are arranged, for the sake of convenience, in alpha¬ 
betical order. Incidentally, the last variety in each of these groups 
happens to be the standard differential host now used in the identifi¬ 
cation of physiologic races of Puccinia graminis avenae. The types of 
infection usually produced by tliese races on the diffen'iitiul varieties— 
White Tartar, Richland, and wSevnothree— are illustrated in plate 2. 
The origin of Sovnothree (strain 703) is described in detail by Bailev 
{2)\ reference to Richland has already been made; White Tartar is 
discussed by Levine, Stakman, and Stanton {20). 
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Plate 3 



Keactiou of seedling plants of si\ oat varieties-(a) Anthony, (6) Minn. 74*4 (c) Gopher, (rf) Minru^, (e) 
ItainboM', and (/) Victoria to five physiologic races of Pucctnia fframmis avcnae (races 1 to 5, respectively), 
(ronipare with reaction of udiilt luants of (wresponding varieties, illustrated in plate 4.) 











Comparative Reaction of Oat Varieties 


PLATE 4 




























































Reaction of adult plants of six oat varieties (a) Anthony, (h) AFinn 742, (r> Gopher, (d) Minriis, (e) Kain* 
bow, and (f) Victoria—to five physiologic races of Pucrintn gramxim arenae (races C to 10, resFiectl\el>) 
(Compare with reaction of corresponding seedling jdants, illustrated in plate 5.) 
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There are five varieties included in group 1. They either have side 
panicles or are the progeiiy of crosses in which a ^'side-oats^^ variety 
was one of the parents. They are all midseason or late in maturity. 
Each variety in this group is moderately resistant to six rust races 
(key nos. 1, 2, 5, 8, 9, and 10) and highly susceptible to the other four 
(key nos. 3, 4, 6, and 7). Group 2 consists of six varieties. All of 
these are common oats; tliey have yellow lemmas, and all but one are 
early maturing. They are, on the whole, very resistant to five races 
(key nos. 1, 2, 3, 5, and 7), mcsothetic to one race (key no. 9), and 
very susceptible to four races (k^ nos. 4, 6, 8, and 10). In group 3 
there are only two varieties, ftoth are pure-line selections from 
varieties possessing black lenmias and midseason maturity. They 
are extremely resistant to three parasitic races (key nos. 1, 3, and 4), 
typicafiy mesothetic to two races (key nos. 5 and 10), and completely 
susceptible to five races (key nos. 2, 0, 7, 8, and 9). 

The classification of the above oat groups is based on the infection 
types produced by the different stem rust races, cultured under 
favorable light intensities and at a prevailing atmospheric temperature 
of about 70° F. The reaction of the varieties in groups 1, 2, and 4 are 
but slightly affected by temperature and light variations, except in 
(lie case of race 9, where group 2 is concerned. Group 3, on the 
other hand, is v(tv sensitive to changes in light and especially so to 
changes in temperature in the case of races 5 and 10. According to 
Gordon («9), ffounette strain loses its high resistance to races 1, 3, axid 
4 when cultuiH'd at high temperatures. Neither light nor tempera¬ 
ture, how’ev<»r, seems to affect appreciably the susceptibility of Joanette 
strain and vSevnothree to the remaining five races. 

The results summarized in table 3 and illustrated in plates 3 to 0, 
inclusive, reveal appanuitly comidetc' agreement betw(‘en the reaction 
of the seedlings (»f a given variety and tJnxt of the adult plants of the 
same variety. This correlation was not restricted to reaction to any 
one physiologic race, but held good for all of them; nor was it limited 
to any one oat variety, but prevailed for all seven varieties tested. 

Plants of varieties on the see<llings of which a certain physiologic 
race produced an infection classified as type 1 or type 2 w ere invariably 
resistant in the adult stage also to that same race, and w ere designated 
by the s^uiibol R. Though the distinction between infection types 
1 and 2 was quite clear on seedling plants, corresponding adult plants 
<*ouId not be so readily diflerentiated according to infection type; 
therefore, tlie naiction class was used as the criterion for classification 
in the case of adult plants. The same held true to a great extent also 
in the ense of susceptible reactions. Thus, plants on which infection 
types 3 and 4 developed in the seedling stage were always either 
moderately or wholly susceptible in the adult stage and were char¬ 
acterized by the syniboJ S. Although the infection produced by race 
9 on adult plants of Rainbow and Richhuid was not typicall}^ hetero¬ 
geneous, the reaction was more nearly mesothetic than otherwise, 
thus justifying its designation by the symbol M. 

The varieties Rainbow' and Richland reacted alike to all 10 rust 
races and were highly resistant in the adult as well as the seedling 
stage to 5 of these races. Anthony, Minnesota 742, and Minrus 
reacted very much the same to all races and were at least moderately 
resistant to six of them. Gopher and Victory were about equally 
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susceptible to all races, (Compare illustrations in plates 3 and 5 
with those in plates 4 and G, respectively, for corresponding results.) 

Judging solely by the reaction of the 7 varieties just discussed, the 
10 existing races could not be distinguished as so many units; instead, 
some of them could be combined in composite groups, as follows: 
Composite I, consisting of races 1, 2, and 5; composite II, embracing 
races 3 and 7; composite III, including races 4 and 6; and composite 
IV, consisting of races 8 and 10; with race 9 occupying an intermediate 
position between composites I and IV. This situation, obviously, is 
due to the fact that no representatives of oat group III, listed in table 
2, were included among the seven varieties usecl in the maturative 
test. But essentially the same race combinations might be made even 
when Joanette strain or Sevnothree is used, as in the seedling experi¬ 
ment, if proper allowance is made for the somewhat erratic behavior of 
those varieties. Race 9 might be readily considered a counterpart 
of either race 8 or race 10, and thus a member of composite IV. 

The results obtained in this study seem not to indicate any weak¬ 
ening in the resistance of the adult plants because of their succulent 
condition. While such a variety as Richland was highly susceptible 
in the adult stage to races 4, C, 8, and 10 (pi. 7), it was extremely 
resistant to the other races. Considering expected reactions, tlu^ 
same was true of the other varieties. The reaction in each cas(‘ 
depended on whether a physiologic race was virulent or innocuous 
on a particular oat variety. Race G is by far the most virulent of the 
lot,^ causing severe infection on all varieties tested, seedlings and 
adult plants alike. The varieties depicted in plate 8 belong to all 
four oat groups, yet they are similarly affected by the rust of race G. 
Races 4, 7, and 8 are next in order of Aurulence, These are follow(Ml 
by races 9 and 10, wduch in turn are followed by races 2 and 3. Then 
comes race 5, with race 1 last in order of virulence. 

PREVALENCE AND DISTRIBUTION OF PHVSIOI.OCUC RACES OF STEM RUST 

In view of the results obtained wdth regard to the. relative suscepti¬ 
bility or resistance of oat plants at different stages of their develop¬ 
ment, the question of practical imjiortance is ‘^How many of the 
known races of Puccinia graminis avenaCf and precisely which of them, 
exist in the Ignited States, and what is their geographic distribution 
and frequency of occurrence?” A survey conducted for the past 
15 years may afford an answer to this query. 

An extensive study of the physiologic specialization of oat stem 
rust has been carried on at University Farm, St. Paul, Minn., sin(‘e 
1921. Although specimens from different parts of the worhl wen^ 
identified, major attention was paid to field collections obtained from 
various sections of the United States. These were cultured in tlie 
greenhouse on the standard differential varieties, and their identity 
was determined with the aid of the analytical key (p. 717) and verified 
by means of the infection record (table 1). In all, five separate physio¬ 
logic races have thus far been found to be present in variable frequency 
in this country. Since the identification was not carried out under 
strictly controlled environmental conditions, it is not impossible that 
other forms remained undetected. 

» Smee this manuscript was submitted for publication, W^elsh (40 has reported securing a few oat lines from 
acros.sof Hajira Strain X Joanette strain {Possessing greater resistance than either parent to several jiliyslo- 
loffic races of Pdccinia araminitt aMna^. inchidinir rnnA ft 
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The races identified under the conditions of the experiments were 
key nos. 1, 2, 5, 7, and 10. Summaries of their distribution by geo¬ 
graphic divisions and crop areas during the 15-year period under 
review, and their annual occurrence in the country as a whole are 
presented in tables 4 and 5, respectively. In the course of the entire 
15 years from 1921 to 1935, altogether 1,745 isolations were identified. 
Only five of these, or 0.3 percent, constituted the total for races 7 and 
10 combined. 

The relative proportion of the number of times these two races 
were isolated to the total number of isolations made during the 15- 
year period is so insignificant, and the circumstances of their incidence 
of such a nature, that it appears doubtful whether either of them will 
soon, if ever, become a potent factor in the stem rust epidemics on 
oats in tlie United States. Race 7 thus far has been found only twice 
in this country: once, near rusted barberries at Presque Isle, Maine; 
and the second time, in the rust nursery at St. Paul, Minn. Race 10 
was isolated three times: twice from specimens collected in the neigh¬ 
borhood of infected barberries at Jefferson, Wis.; and once, under 
like conditions, at Presque Isle, Maine. 

Of the remaining three races, the least common for the period as a 
whole was race 1, which so far has been isolated but 30 times in the entire 
United States, con.stituting only 1.7 percent of all isolations made. 
Race 2 comjirisod 70.1 percent of the total and, on an average, was 
almost exactly two an<l one-half times as common as ra<‘e 5, which 
constituted 27.9 [)ercent of the total. There were no very great differ¬ 
ences in the relative strength of these races in the several geographic 
divisions and crop areas, although considerable variation did occur 
between dilhu’ent States in the oat-growing region. Thus, Kansas 
furnish(‘d the highest proportion of race 2 (85.3 percent), while 
Indiana yielded the lowe.st (51.9 percent), taking the whole lo-year 
period into consideration. 

A preponderant majority of the isolates (1,002 out of 1,745, or 95.24 
percent) came from the oat-growing region. Of these, more than 
lialf (850) were obtained from the Great Plains area; the upper Mis- 
sissipi)i Valley provided 481 isolates; and the Great Lakes area yielded 
331. Minnesota furnished tlie highest number for a single" State, 
while the fewCvSt came from Indiana. Further details may be found 
in table 4. 

It may be seen from table 5 that not only wa.s there an annual 
llu(‘tuation in tlie relative proportion of the tliree dominant races of 
l^Hcvhiia graminis acerme in the rust-survey territoiy of the United 
States but also there api)eared to be a definite trend in the population 
relationships of these races, as determined by quinquennial computa¬ 
tions. While throughout, except in 1 year, race 2 was invariably 
in the forefront, race 5, when present, was, with but two exceptions, 
in second place, and race 1, for the most part trailing behind, was at 
the head of the list once, in 1923. However, that was one of the years 
when the number of isolates obtained was very limited, and the appar¬ 
ent predominance of race 1 may not be significant. 

In the first quinquennium (1921-25), race 1 occupied third position 
but was a close rival of race 5, and with 15.4 peicent cf the total num¬ 
ber of isolates, seemingly was not a negligible factor in the oat stem 
rust epidemics of that period. However, it soon after all but disap¬ 
peared, for in the second quinqueimium (1926-30) it composed but 
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1.0 percent of the total, and in the third quinquennium (1931-35) it 
had dwindled to a mere 0.5 percent. 

Race 2 follows a zigzag course, ranging from 38.5 to 93.1 percent 
of the respective annual totals. Considering the situation by 5-year 
periods, race 2 traced a rather gentle curve—64.1 percent in the first 
quinquennium, 75.1 percent in the second, and 66.4 percent in the 
third. 

It is race 5 that shows a gradual and consistent quinquennial rise, 
from 20.5 to 23.7 to 32.8 percent of the respective 5-year totals. 
But this race, too, suffers from considerable annual variability, being 
entirely absent in 2 years and reaching 45.4 percent in at least 1 yeai. 

It may be pertinent to observe at this juncture that, from a rather 
limited survey of the stem rust situation in Mexico, it appears that 
only races 2 and 5 are present in that country, and that up to this time 
they have occurred there in a 5:3 ratio. According to the results 
published by Bailey (£), including his data appearing in the report 
of the Dominion botanist (S), and by Gordon (.9), the three races 1, 
2, and 5 constituted 96.7 percent of the 1,342 isolations made by those 
authors from Canadian collections during the 10-year period 1921-30. 
The remaining 3.3 percent consisted of the other known races exclusive 
of race 10. Waterhouse (rW) reports that in Australia races 1 and 2 
together constituted over 88 percent of the 371 isolates of oat stem 
rust identified from 1925 to 1933, inclusive. Other races found there 
were 3, 6, and 7, the latter making up 8.1 percent of the total. A few 
isolations from New Zealaml collections made by tliis authority 
yielded only races 1 “and/or^^ 2. From the results published by 
Verwoerd (38) it appears that races 3 and 7 occur in South Afiica, 
while Stakman, Levine, and Bailey (3/) had previously identified 
races 2 and 3 from material they received ficun that country. Tedin 
(37) noted the occurrence in Sweden of races 3, 4, 6, 7, and 8, but 
none of the prevalent American ra(‘es. The present writers isolated 
races 2, 6, and 7 from uredial collections received from Palestine; 
and races 2, 5, and 7 from specimens obtained from New^ Zealand. 

It is evident from the results recorded in this paper that the oat 
stem rust epidemics in the United States during the Ifi-yeur jieriod 
1921-35 were almost entirely duo to the widespread <listribution and 
common occurrence of races 2 and 5, the two races combined (‘on- 
stituting 98 percent of the total number of isolat(*s. This .study has 
also brought out the fact that so far the pliysiologic specialization of 
PtLccinia gramvnis avenae in this country has been rather definitely 
restricted. 

SUMMARY AND CONCLUSIONS 

Inoculations with the 10 known physiologic races of oat stem J'ust, 
Puccinia gramims avenae, were made under comparable and leason- 
ably unifonn greenhouse conditions on 27 varieties and strains of oats 
in the seedling stage; on 7 of these vaiieties in the adult stage, also 
with all 10 races; and on 6 more of the varieties and strains in the 
adult stage, with race 6 only. 

Special care was taken to assure the purity of the physiologic races 
used. For this purpose periodic checks were made of the behavior of 
each race on the standard differential varieties grown under similar 
light intensities and fairly well-controlled temperatures. Assurance 
also was provided that the differential hosts themselves were free 
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from admixture. This was accomplished by the use of established 
pure rust races as biological reagents. 

The differences in the reactions of the 27 oat varieties in the seed¬ 
ling stage made it possible to group them in 4 categories. In three 
of these were included the varieties that possess reaction characteris¬ 
tics typical of differential hosts, enabling their use as substitutes in 
the identification of physiologic races of Puccinia graminis avenae. 
The fourth group consisted of those varieties showing no discernible 
difference in their leuctions, whether with respect to each other or 
to the different physiologic races. 

There was a remarkably close agreement in the reactions of seedling 
and maturing plants of every one of the varieties and strains tested, 
regardless of parasitic race involved; in no case was a vaiiety resistant 
or susceptible as a seedling or adult plant without a corresponding 
reaction in the other growth phase tested. It would seem from these 
results that seedling reaction is a reliable index of the reaction of 
adult oat plants to specific physiologic races of oat stem rust. It 
would be desirable, however, to investigate this problem further 
before drawing too general conclusions, since important exceptions, 
not considered within the limits of these experiments, may exist. 

While during the 15-year period 1921-35, live different physiologic 
races (1,2, 5, 7, and 10) of Pucrinin graminis arenae have, at one time 
or another, been isolated from rusted oat material collected in various 
parts of the United States, only races 2 and 5 have played a signific^ant 
])art in the stem rust epidemics of this period. Ra(‘e 1 was evidently 
of some conse({uence on certain occasions; but, on the whole, has been 
of trivial importance. Races 7 and U), thus far, are of mere academic 
interest, so far as this country is concerned, but they may become 
more eominon in the future. 

The restricted physiologh; specialization of the oat stem rust fungus 
in the United States removes a serious impediment from the path of 
the ])lant breeder in his attempts to develop a desirable rust-resistant 
variety of oats. A<l<H[uate resistance to the dominant races 1, 2, and 
5 is available iii the varieties included in oat group 2, as listed in 
tablt^ 2. These varieties also are highly resistant to race 7. The 
varieties (H)rni)rising <uU group 1 are at least moderately resistant to 
the eominon races, as well as to race 10. To guard against the intro¬ 
duction or invasion of the more virulent races, it might be well to 
plan for tlie development of oat varieties with desirable agronomic 
characters that would resist their attack. Greenhouse experiments 
with seedling ])lants may facilitate and expedite the attainment of 
this goal. 
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QUANTITATIVE DETERMINATION OF COPPER AND ES¬ 
TIMATION OF OTHER TRACE ELEMENTS BY SPEC- 
TROGRAPHIC METHODS IN WIRE GRASSES FROM “SALT 
SICK” AND HEALTHY AREAS ‘ 

By L. L. Rttroff, assistant in animal nutritionf L. 11 . Rogers, spectographic 
analyst, and L. W. Gaddum, biochemist, Florida Agricultural Experiment 
Station ^ 

INTRODUCTION 

‘^Salt sick,” a nutritional anemia, occurs among cattle, sheep, and 
swine, the feed of which is restricted to forage grown on certain types 
of sandy or peat soils. Earlier work of the Florida Agricultural Exper¬ 
iment Station demonstrated that the condition was caused by a defi¬ 
ciency of iron, or iron and copper, in the soils and forage (2).^ Forage 
from salt sick areas was shown to be low in iron (10), and cattle grazing 
on these areas recovered when given an iron-copper supplement, as 
indicated by physical condition and hemoglobin content of whole 
blood {J5). On certain soils, the affected animals responded erratically 
when iron was given as the sole supplement, but recoveries were quite 
uniform when a copper-iron supplement (1:50) was used. 

A nutritional anemia having external and other symptoms similar 
to salt sick ("i) has been I'eported as ^‘bush sickness” or ^^skinnies” in 
New Zealand, 'Raising,” ^‘pining,” ^^pine,” and “vinquish^' in southern 
Scotland, ^^nakuruitis” in Kenya Colony, East Africa, and ”coasty 
disease” in King Island, Tasmania, An addition of cobalt to the ration 
was found to }>e helpful in certain parts of Australia and New^ Zealand 
(/, 21). In Florida, iron and copper have boon used successfully in 
correcting pure salt sick in field trials. 

Cattlemen in Florida have long followed the practice of ^‘burning 
the woods” (4) in order to remove old growth and give their animals 
the advantage of access to young vegetation in the late winter and 
early spring. 

WORK OF OTHER INVESTIGATORS 

The average iron content of w ire grass, reported previously from this 
station (/6*), was 0.0177 percent in the dry matter of the grass (burned 
area) and 0.0108 percent (unburned area) from the deficient ranges, 
in contra.st to 0.022 percent (burned) and 0.0193 percent (unburned) 
on healthy ranges. No analyses of grasses to determine their copper 
content have been reported from the Florida areas. The copper con¬ 
tent of forage crops from other areas has been reported by a few 
investigators, as shown in table 1. 

1 Ue<H)ivo(i for T>ubliciUion June 28,1937; iKsued December 1937. 

* The authors are Indebted to Drs. G. Bryan and K. B. Becker for collecting the masses used in this 
study, and to Drs. H. B. Becker and W. M. Neal for determining the nutritional quality of the ranges. 

5 Reference is made by number (italic) to Tdtomture Cited, p. 737. 
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Tablk 1.— The copper content of forage crops reported hy different investigators 


Forage cTop 


Method of analysis 


Investigator 


C^'opiHjr per 
kilograni 
of dry 
ir at tor 


Bliiepra.ss.-.! 

Kentucky hhiegrass.i 

Alfalfa foliage.- - -j 

Red clover foliage. . - \ 

Kentucky hluegrass--.j 

Alfalfa hay I 

First cutting fWisconsin) , ; 

Second cutting (Wisconsin)- j 
Colorado, sample 1-. i 

Colorado, saniiile 2. . 

Rluograss-.| 

Oat straw. 

Red clover hay - -- 

Rye straw.- 

Soybean hav _ _. - - 

Sweetolover hay. { 

Timothy hay.-i 

Vetch hay...1 

Wheat straw. , . 

Alfalfa hay. 

AIsike clover.. .. ' 

Bluegrass hay. 

Orchard grass hay.. 

Red clover hay. , 

Redtop hay.. . . 

Soybean hay. .. ; 

Sweetclover. ! 

Timothy ha>.. 

Wheat .straw. ! 

liOcksucht area hay, average 
Lecksucht area hay, one case 

1)0. .. . 1 

Nor iial hay, average... 

Normal hay, one cJise . ) 

Normal grass on pasture . .. 


! Xanthate ... . 
jFerrocyatiide... . 
Xanihate. , .. 


>Hia7/o (ipodtfuvl) 


Xanthate... 


Hui77o .. 


AtcHaiguo (/O). , 

McHargiio (O).. _ . 

McHargue (IS) ___ 


KUehiem and Itarl 


Mclinrguc, Hoy, and IVljihrev 

I (/>'. 


: '-ijollenia (/.9) 


^filllgTamn 


I 


7 T) 
H 0 
K 0 
14.0 
0 1 
4.6 
14 8 
i) 0 
11 .<» 
H H 
:t.K 
17 a 
4 4 
H 2 
11 S 


I r; 

10 0 
u 0 

14 0 

.6 0 

17 0 
t 0 
S 0 
*» 0 
:» 0 
:i 0 
2 (I :i 0 
2 0 6 0 
1 0 
fi 0 u> 0 
0 

20 0 10 0 


METHODS OF INVESTIGATION 

Sanijiles of wire grass (Arlsfida sp.) wore oollt'oted simultaneously 
with samples of soil (3) by phieking from areas on wliicli rattle became 
salt siek, and on healthy ar<»as from both burned and nnbnrned ranges 
within a 2 months’ period. Tlie wire grass samples wen^ analyzed 
spectrograpIiieaJly for f|iiantita.tive differenres in mineral content. 
The grass was dried at about 70° C. and stored in .sealed glass jars. 
The samples selected for amdy.ses were obtained from extreme salt 
sick, marginal,^ and healthy areas. 

All glass, platinum, and silica apfuiratus and equipment used WTre 
leaehetl with hot 1 : 1 hydrochloric aci<l and rinsed several times with 
w’^ater obtained by triple-distillation through an aeid-leaehed all-gla.ss 
still. Spectrogi’apliie examination showe<l that this water contained 
less than one-half part per million of copper (17). 

In earlier W'ork (7f/, footnote p. ^251) the senior author found that 
grinding wire gi'ass in a Wiley mill increased its iron content by 
0.0032 percent. To avoid contamination with metals, therefore, tlie 
grasses were broken by hand, placed in platinum or silica dishes, and 
dried at 100° C. After drying, the grasses were ashed for 24 to 48 
hours in a mu Hie furiuice at a temperature not exceeding 450°. Tlie 
ash was then homogenized in an agate mortar and analyzed sj)ectro- 
graphically. 

On marginal arcus cattle do not develop salt .sick, but affected cattle pastured on these areas do not 
re<' 0 ver. 
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QUANTITATIVE SPECTROGRAPHIC DETERMINATION OP COPPER 

Many workers have reported quantitative spectrographic methods 
for the determination of copper in various materials. Gerlacli and his 
CO workers (7, 8^ 18) determined copper in biological materials with 
silver or cobalt as the internal standard; in this study cadmium was 
used. 

To an accurately weighed portion of the ash of the sample a measured 
volume of a cadmium solution was added. This mixture was dried, 
carefully homogenized in an agate mortar, and small portions spectro- 
grapheci on a Littrow spectrograph. Selected and tested purified 
graphite electrodes were used. In this connection, it should be noted 
that the best grade of gi*aphite electrodes on the market frequently 
contains some copper, which may produce erratic results unless the 
electrodes are tested siiectrographically prior to using, as was done in 
this study. Satisfactory and less expensive electrodes may be pre- 
jiared by the purification methods of Standen and Kovach {20). 

Great care was exorcised at all times to avoid contamination. The 
solution of cadmium is known to contain a small proportion of copper, 
but the quantity thus added was negligible and was found not to 
affect the results. 

Quintuplicate analyses of each sample were made. A nonrecording 
microphotometer was employed for measuring the ratio of the line 
densiti(‘s. The probable error of the method is less than 10 percent of 
the mean. 

RKSUI.TS 


Th(' analys(»s for copper in the wire p’asses from both health}^ and 
salt sick areas that had been burned, or left unburned, are given in 
table 2. This table also prestmts the percentage of total ash on the 
dry-matter basis. The copper content of the wire gravss samples from 
the salt sick areas ranged from 4.7 to 10 mg per kilogram of dry mat¬ 
ter; those from the healthy areas ranged from 5.5 to 10.1 mg. 

I'ahlv: 2.--Ash and copper content of wire grasses from sail sick and healthy {burned 
and vnburned) areas as determined by spectrographic method 


Area, treat men t and sami)le 
no. 

Ash 
(dry 1 
basis) 

CopiH»r per 
kilogram 
of dry 
matter J 

Area, treatment, and sample 
no. 

Ash 

(dr> 

basis) 

Copper per 
kilogram 
of dry 
matter * 

Suit sick area, unburned. 

223. 

243. 


MiHigrams 

6.1A4) 6 

7 . S 

Healthy area, burned, mar- 
1 ginul » 

ZU .-. 

1 

Per ant 
3.4 

MHligrumit 

8.31 . 8 

6.31 .6 
7. 3i .7 
6 5i .5 

261. 

2 9 i 

5 4± . 5 

2t5. 

2.8 

261. 

2 6 1 

6. 3± . 5 

249. 

2 8 

2fi2.-. 

2.6 

4. 8±: . 5 

292. 

2 8 

203.. 

2 r».'i. 

2.7 

2.9 

4.7:4: 5 

7 4± .7 



A verage. . . 


6.8 

27.*i 

2 0 

4 hi 5 
10.Oil 0 



2S6. 

3 1 ! 

! Healthy area, unburned. 

3. 7 

9. Oil. 0 
7.5i .7 
lO.lil.O 
8.0i . 8 
8.6i . 9 
(> (>i . 7 
5.9i . 6 

Average__* 

.i 

6 2 

232. 

3 ! 9 



1 23.5 

6 2 

3 8 

Halt .sick area, burned: i 



239... 

237. 

2.5 

6.6i .7 

1 270... 

3.4 

241. 

3.1) 

3.3 

S.0i .8 

277.1 

2. 8 

258. 

9 »i .9 

283.i 

3.0 




Average__ 


8.0 

Average... 


8.0 






» Moan of 6 determinations. 

»This area not sufficiently supplied with available nutrients to be classed as strictly healthy (corrective), 
yet not so low as to be classed as salt sick. 
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DISCUSSION 

A comparison of the copper content of samples of wire grasses 
collected from ranges on which cattle showed severe symptoms of 
salt sick, and those from ranges on which the animals were always 
healthy, failed to show any appreciable difference (table 2). 

Neal and Becker {16), however, found that in the grasses from 
healthy areas the content of iron, calcium, magnesium, and phos¬ 
phorus was higher than in the grasses from affected areas. An exami¬ 
nation by Bryan and Becker {3) of the soil from both areas showed 
that the surface soils of the healthy ranges contained approximately 
10 times as much iron, 5 times as much calcium and phosphorus, and 
twice as much copper as did tliose from the salt sick areas. These 
investigators report that ‘Vattle will develop ‘salt sick* on soils with 
0.036 percent iron and 3.85 p. p. m. of copper, while they remain 
healthy upon soils with 0.42 percent of iron and 8 p. p. m. of copper.** 

The average values for copper in the grasses analyzed in the 
present work varied fmm 6.2 to 8 p. p. m.in salt sick and 6.8 to S p, p. m. 
in healthy areas, which indicates that the content of this element is 
not proportional in the vegetation and in the soil. 

Since the grasses used in tliis work were obtained from extreme 
salt sick and healthy areas, the comparison of the copper content of 
these grasses indicates that copper deficiency per se is not the main 
etiological factor of salt sick although iron supplemented with copper 
was found to be effective in treating this condition in cattle. In the 
Netherlands, however, Sjollema (JO) found an increase of about 
5 p. p. m. in the copper content of hay from healthy areas as com¬ 
pared with hay from “Lecksucht** areas. 

SPECTROGRAPHIC ESTIMATION OF OTHER TRACE ELEMENTS 

Since no significant differences were found in the copper content of 
the wire grasses, it was decided to exanune the ash samples for otlier 
trace elements. The procedure was designed U> permit an estimation 
of the proportions of certain elements present in magnitudes detect¬ 
able by spectrography on the original ash sample. 

In this work no effort was made to increase the proportions of the 
elements in the samples by precipitation or any other chemical method. 
By concentration methods it probably would have been possible to 
detect the presence of some elements wliich are reported as “not 
detected;** but the fact that an element is found to be present in a 
very minute (|uantity is of less practical importance than a Imowledgc 
of its proportion in the sample. Accordingly, it seemed best to base 
this study on proportions of the elements detectable spectrographicaJly 
in the ash of the sample. 

A small proportion of the homogenized ash was volatilized in a 220- 
volt arc, a current of 9 to 10 amperes being used. Specially jmrified 
grapliite elect rodes were employed; repeated spectra of the graphite 
electrodes were made to insure a control of electrode impurities. In 
taking the spectiaim of the sainple, the arc was maintained until the 
sample was completely volatilized. Incomplete volatilization per¬ 
mits fractionation, wdiich might involve a retention of the higher 
boiling elements in the residue and this vitiate the estimates oi the 
amounts of the elements present. 

A Littrow spectrograph with hnear diversion of about 30 inches 
between 2,250 A and 5,600 A was used. Two prisms were employed 
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with this instrument—a glass prism for lines of wave length greater 
than 3,800 A and a quartz prism for shorter wave lengths. To make 
use of the sensitiveness of the 2,138 A zinc line, a quartz Cornu type 
spectrograph with linear dispersion of about 9 inch^ between 2,100 A, 
and 8,000 A was employed for the zinc detenninations. 

The estimations were made by a modification of the comparison 
method used by Nitchio (14)- Standard powders containing known 
percentages of the 24 elements included in the analysis were spectro- 
graphed m juxtaposition with spectrograms of the ash samples. The 
percentages of the elements present w^ere then estimated by compar¬ 
ing visually the intensities of the spectral lines in the sample with 
corresponding lines in the standards. Duplicate determinations 
wore made on each sample. 

The data thus obtained are not intended as precision determina¬ 
tions, but are indicative of the “order of magnitude’^ of the propor¬ 
tions of the elements present. To avoid misunderstanding as to 
precision, and also to retain a legitimate basis for comparison, the 
data are presented in “range’’ fonn. For example, 1-10 recorded in 
tabk* 3 slundd be read: The amount of the element in the sample 
lies b<*tween 1 and 10 mg per kilogram of diy matter. 

The approximate' sensitivity of the method is: For chromium, 
cobalt, nic'kel, and silver, between 0.0001 and 0.001 percent; for 
aluminum, barium, lead, manganese, molybdenum, strontium, tin, 
titanium, vanadium, yttrium, and zinc, between 0.001 and 0.01 per¬ 
cent; for antimony, boron, bismuth, cadmium, lanthanum, thallium, 
and zirconium, between 0.01 and 0.1 per(*ent; and for arsenic* and 
lithium between 0.1 and 1 percent. 

The term “trace” signilies the smallest detectable ])roportion of the 
element in the ash This value converted the dry-matter basis is 
almost negligible, but this does not alter the fact that the element w^as 
det('(*ted in the ash 

HESULTS 

The spectrograpliic estimations of the trace* elements in the same 
wire grass samples that were used for the copper detenninations arc 
shown in table 3. Aluminum, barium, boron, lead, manganese, 
strontium, titanium, and zinc were detected in all the ash samples, in 
addition (o copper 

Of the grasses from the unbumed salt sick area, chromuim and 
silver were detected in traces hi eight of the nine, ash samples, and 
molybdenum in five. All the elements mentioned above except 
molybdenum were ])resent in grasses from the burned salt sick and 
from the burned maiginal areas Molybdenum w'as detected in two 
of the three ash samples from the burned atfecled area, and in two of 
the four samples from the burned maiginal area 

C'hriunium w;as detected in all the ash samples from the unburned 
healthy areas, in addition to the 10 elements present in all the gniss 
samples from the bxinied areas Molybdenum and nickel were de¬ 
tected in tliree of the seven ash samples in tliis group 

Antimony, ai-senic, ber\dlium, bismuth, cadniium, cobalt, lantha¬ 
num, thalliimi, tin, vanadium, yttrium, and zirconium w^re not de¬ 
tected in any of the ash samples from these areas Nickel w'as de¬ 
tected only in the grasses from the healthy unbumed area, and in one 
sample from the unbumed salt sick area. 
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Table 3. —Specirographic estimation of trace elements in wire grasses from salt 
sick and healthy areas expressed in milligrams per kilogram of dry matter ^ 
[Analyses made on ash, but for convenlemie converted to dry-matter basis. Duplicate analyses niadel 


Sample no. 

Alumiaum 

Barium 

Boron 

Chromium 

Salt sick area, un- 





burned: 

Mg 

Mg 

Mg 

Mg 

223. 

20-80 

1-10 

10-30 

Tr 

243. 

2-20 

<0.1 

2'20 

Tr 

251. 

UKIO 

.LI 

2-20 

Tr 

261. 

20-80 

1-10 

2-20 

Tr 

262. 

10-30 

1-10 

2-20 

Tr 

263.. 

10-30 

< 1 

lO-'lO 

ND 

265.- . - 

10-30 

. 1-1 

2 20 

Tr 

275.. 

2-20 

.1 1 

1-10 

Tr 

285.. 

10-30 

1-1 

2-20 

Tr 

Salt sick area, 
burned: 





237. 

10-30 

1-10 

2-20 

'J'r 

241. 

20 80 

l-IO 

2-20 

Tr 

258. 

1-10 

< . 1 

2-20 

Tr 

Healthy area, burn¬ 





ed, marginal: 

234.. 

30-100 

1-1 

2-20 

<0.11 

245. 

20-80 

l-JOi 

2 '20i 

1 | 

24fl.. 

20-80 

1-10 

2 -20! 
2 20 ! 

- li 

292. 

10-301 

1-1 

Tr! 

Healthy area, iin- 

i 


1 

biirned: 

1 


2-20 j 

1 

230. 

15 W) 

1-10 

Trj 

232.. 

30' UK) 

1-10 

2-20 

Tr 

235. 

'^60| 

2)1-80 

10-30 

< r 

230.. 

30 UK). 

2-20 

2-20 

Tr; 

270. 

15-40 

1-1 

10-30 

Tr! 

277... 

10- 30 

1-10 

2-20 

Tr! 

283. 

2-20 

I 

in-:i0 

2-20 

TrI 

1 


XU 

a 

CO 

I3£ 

g 

lolybde- 

num 

a> 

M 

U 

1 

trontium 

S 

d 

'3 

03 

0 

a 




A 

00 

OJ 

H 

s: 

Mg 

Mg 

Mg 

I 

! 

Mq 

Mg 

Mg 

Mg 

Mg 

1-10 

20-80 

ND 

1 ND 

ND 

<:o. 1 

1-10 

2-20 

I-IO 

10-30 

Tr 

i ND 

< 0. 1 

1 

0 .1-1 

30 100 

0 1-1 

10-30 

ND 

ND 

Tr 

-..1 

. 1-1 

10-30 

. 1-1 

20-80 

ND 

ND 

Tr 

1 

<0.1 

20-80 

.1 i 

2-20 

•M) 1 

ND 

Tr 


.1-1 

10-30 

1 1 

2 - 20 : 

1 

ND 

Tr 


<. 1 

20-80 

1-10 

1-10 

Tr 

Tr 

<' 1 


1 ; 

20-80 

. 1-1 

10-30] 

Tr 

ND 

Tr 

< ii 

ii 

20-80 

Ml 

;J0-l(K)i 

1 

nd' 

ND 

Tr 

• i 

1 

' < ii 

1 

30-UK) 

1-1 

1 

20 -«0i 

0 1 - 1 ! 

ND 

Ti 

, 1 

M 

: 10-30 

1-1 

30-l(K)l 

" 1' 

ND 

Ti 

! V 1 , 

1-10 

' KMO 

.1-1 

1-101 

NT)| 

.ND 

Tr 

1 ; 

1 

<. 1 

:K)-100 

1-10 

10-30 

ND' 

Npi 

I'r 

1 

Lioi 

MO 

. 1-1 

>601 

.1-1! 

\1)| 

Tr! 

<. 1 ; 

Ml 

20 80 

I-l 

io-:io' 

1 -li 

xd| 

Trj 

1 ! 


10-30 

1-1 

20- SOj 

ND 

1 

XD, 

Trj 

1 ; 


10-30 

I- 10 ; 

i 

15 .501 

ND 

1 

.\D| 

Tr! 

11 

M 

;io-ioo 

1 101 

uv-:io, 

ND 

Tr 

Tr 

. i-li 

M 

1 10 

I-IO- 

•60! 

ND,o, 1-11 

Tr 

l| 

1 ' 

2 - 20 

MO 

1 -1! 

15 .50( 

1 -10! 

NT> 

Trj 

1-10 

15-50 

1 10 

1 -10' 

Trj 

ND 

Tr, 

< b 

MO!3(V-ino 

.1-1 

2(K80i 

Tr 

< 1 

1 ' 


20- SO 


10-30j 

i-io| 

ND 

Tr 

<.1| 

Tr| 

10-30 


1 ND denotes not detected Tr denotes trace (see text for discussion!. Antimony, arsenic, t>erylliiiin. 
bismuth, cadmium, cobalt, lanthanum, thallium, tin, vanadium, yttrium, and rirconiurn were not 
detected in any of the tish samples. 

DISCUSSrON 

A comparison of the values for the trace elements in the wire grasses 
from healthy and affected areas did not show any appreciable differ¬ 
ences 

Certain elements were detected in all the ash samples; hence, the 
results for these elements are at least consistent Other elements were 
detected irregularly, which indicates that tlie ash may have been 
contaminated 

A high-titanium content in green parts of certain plants has been 
reported by Gcilmann (6) and Headden (5), and unpublished work 
at this laboratory has confirmed this finding In the present study, 
titanium was detected in all the ash samples, but the proportions were 
low as compared ^\^Lth those reported by Geilinann and Headden. 

Recently, workers at this station have foimd that cobalt is a limiting 
factor in one type of salt sick known specifically as ‘*hill sick The 
estimation of trace elements failed to show the presence of cobalt in 
any of the grass samples (table 3), yet this element is known to be 
beneficial to animals on certain areas It should be pointed out that 
some of the elements reported in this study as not detected may have 
been present, but in amounts too small to be determined by the method 
used 

The results obtained from this study suggest that salt sick may be 
the result of a combination of conditions which give rise to similar 
external symptoms. The ratio of the various elements involved may 
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bo as important as the absolute amounts Possibly salt sick may 
occur on grasses in which the iron content is high and the copper 
content low, or vice versa; or the ratio of iron or copper to some otner 
element or elements may be involved 

Another factor that should be considered is the mineral content of 
the drinking water In some water holes where an iron-bearing clay 
forms the substrate, the water is known to have a high content of iron 
and probably of other elements 

SUMMARY 

A comparison of the results of spectrographic determination of the 
copper content of wire grasses from ‘‘salt sick'', marginal, and healthy 
areas failed to disclose any significant differences 

The spectrographic estimation of other trace elements also showed 
no significant differences 

The following elements were detected in all the wire gi’ass samples 
from the different areas: Aluminum, barium, boron, copper, lead, 
manganese, strontium, titanium, and zinc The following elements 
W€>re not detected in any of the samples: Antimony, arsenic, beryllium, 
bismuth, cadmium, cobalt, lanthanum, thallium, tin, vanadium, 
yttrium, and zirconium. Chromium, molybdenum, silver, and nickel 
were detected in the samples, but not consistently. 
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FACTORS INFLUENCING THE DEVELOPMENT OF SOGGY 
BREAK-DOWN IN APPLES ^ 


By H. H. Plagge, research a»8ulant professor^ and T. J. Maney, research professor 
and headf Subsection of Pomology^ Iowa Agricultural ExperimeiU Station 

INTRODUCTION 

The influence of storage temperature on soggy break-down ^ in 
certain apple varieties is generally recognized, but the relation of other 
etiologic factors to this disease is not so clearly understood. For 
example, it. has been assumed that delayed storage is essential to the 
development of soggy break-down, and that late pi(‘king favors its 
occurrence. The effect of these and other causal agencies has not been 
demonstrated conclusively. Among other factors which have been 
considered as favorable or essential to the development of soggy 
break-down are inade(|uate ventilation of containers and storage 
rooms, a i>rolonged storage period, temperatures lower than 32° 
variations in fertilizer treatments, and climatic conditions. The 
effect of these and certain other factors on soggy break-dowm is con 
sidered in this paper. 

The importance of storage temperature in the control of soggy 
breakdown lias been emphasized in earlier publi(*.ations (/7, 15, 17),^ 
This pajier presents further evidence to show the relation of storage 
temperature to the disease in the varieties that wa^re previously listed 
as sus(*eptible and in other varieties for which little or no information 
is on record. The relative importance of other storage and prestorage 
factors as judged by the results of more than 11 years^ work is indicated. 

REVIEW OF LITERATURE 

Investigators have emphasized the importance of immediate storage 
in the control of the soft, scald type of soggy break-down in the 
Jcmathaii apple (/, S, IS, tO). In an earlier paper {IS) the writers 
indicated that delaying storage for 1 w eek, as compared with immediate 
storage or storage after 2 and 3 weeks^ delay, usually increased sus- 
(jeptibility in tliis variety. It should be noted, however, that imme¬ 
diate storage did not invariably prevent the disease, and that delays 
of 2 and 3 weeks gave best control. On the other hand, delaying the 
storage of Grimes Golden and (iolden Delicious has usually resulted 
in gn^ater susceptibility to soggy break-down (10, 15), Harding 
found that cold-storing Grimes Golden wdiile it is in an active state 
of respiration produces a high decree of susceptibility (4), and that it 
reaches its highest respiratory activity between 3 and 5 weeks at 50° F. 

Harley and Fisher (0) concluded that a high concentration of carbon 
dioxide in Jonathan apple tissues is not a contributory cause of soggy 
break-down; lirooks and Harley {2) found that short exposures to 

‘ Received for publunition Jun. 15, lua:; issued December 1937. Journal Paper J432 of tbe Iowa Agri¬ 
cultural F.xjierltnent Station; project No 2S1. 

»'I’lio two types of low'-tcmperature disease designated In the literature as “soggy break-down" and 
“soft scald" are considered by the writers to be the same, and in this pai>er vrill lie included under the term 
“soggy break-down," The reasons for this classification have been given (/j. /7).» 

> Reference Is made by number (Italic) to Literature Cited, p. 762. 
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this gas and high temperature reduced the tendency toward the disease. 
Gerhardt and Ezell (J), working with Jonathan at Wanatchoe, Wash., 
found that immediate storage at 32° F., w^hen precluded bv a 24-hour 
exposTire to carbon dioxide, gave approximately as good control as 
ordinary storage at 36°. With delayed storage, however, carbon 
dioxide exposures gave less consistent results. 

RELATION OF STORAGE TEMPERATURE TO SOGGY BREAK-DOWN 

Although results of storage experiments of a rather comprehensive 
nature, showing that temperature is of primary importance in the 
control of soggy break-down in Grimes Golden, have been published 
(Jjf, 16f 17)y information concerning the effects of storage temperature 
on other varieties is limited. Some results for Jonathan, Wealthy, 
and Golden Delicious are on record (P, 10, H, 16), but so far as the 
writers can determine, no results have been published for North¬ 
western Greening and Winter Banana. 

STUDIES WITH JONATHAN 

Tahle 1. —Percenlage of soggy break-down occurring in Jonathan apples during 
storage at different temperatures for three and for five seasons 

RESlH/rs DT RINO 3 SKASOXS « 


Teuiperflture (° F ) 


30.. 


M. 


34. 


3f). 


Common storage. 


1 

1 Delay 

1 Breuk-dowxi in - 

. 3 

j fore storing 

192-1-25 

1 1926-27 

1928-29 


Percent 

j Percent 

Pirccnt 

If 0 

1 42 :i 

1 14 1 

8 2 

1 1 

: 18 9 

6 9 

<»7 6 


10 3 

2 9 

I 21.7 

i| 3 

1 

i 0 

1 i:> 2 


6 U 

0 

1 8 

■J ^ 

.6 

0 

1 19 I 

l| 2 

' .0 

0 

i l(i.J 

•1 3 , 


(1 

7 

If 

1 0 

0 

i 

li ‘ 

0 

0 

1.9 

1 - 

' 0 

0 

5 1 

1 3 

0 

0 

1 0 

If 0 

0 

0 

* 0 

|l 1 

0 

0 

8 

1 

0 

0 

,9 


0 

0 

0 


0 

0 

0 

1 J 

0 

0 

0 


0 

0 

0 

[ 3 

0 

0 

! 

0 


KESL'J/rs DUKIXO r, SEAS<)x\ri3 


Temperature (° F ) 


30. 


36. 


Delay 


Break-down in * 

' 

iMjfore 

. _ — 

— 

-- 

— 


storing 

1929-30 

1930-31 

1031-32 

1 1932 33 

1933-:i4 

Days 

1 Percent \ 

Percent 

Percent i 

Percent 

Percent 

0 1 

I 76 2 

8 7 

0.0 

11.2 

0.7 

10 

i 2H. 2 

0 

12.2 

3.5 

16.0 

20 

1 1.4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

10 

I b 

0 

0 

0 

1 0 

20 

0 

0 

0 

0 

! 0 


* Fruit examined the latter part of January. 

a Picking dates 1024. October 7; 1926 and 1928, Oetolier 2. Sourw of Fruit: 1924, State orchard, western 
Iowa; 1926 and 1928, Apple Grove orchards, (•entral Iowa. Number of boxes i>er test; 1 to 4. The same 
investigation was carried out in the seasons of 192.') and 1927. No soggy hreak'dowu occurred in these 2 years. 

3 Fruit examined in February 1929-30 and 1931-32 and in March 1930-31, 1932-33, and 1933-34. 

< Picking dates* 1929 and 1931, October 2; 1930, Oct. 6; 1932. September 30. Source of fruit: 1929, 1930, 
Md 1931, Apple Grove orchards, central Iowa; 1932 and 1933, Worth orchard, western Iowa. Number of 
boxes jier test: l to 4. In 1934 there was no crop because of severe drought. 
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The effect of various storage temperatures on the development of 
soggy break-down in Jonathan is shown in table 1. These results 
show that break-down developed more severely at 30° F. than at 
32°, 34°, or 36°, that it w^as a factor at 32°, and that it was not entirely 
absent at 34°. At 36° only traces of the disease appeared, and in 
common storage there was none. Experiments similar to those report¬ 
ed for three seasons in table 1 were also carried out in the seasons 
of 1925-26 and 1927-28, but no soggy break-dowrn occurred. In 



Fn.i HE 1 Seiiions of Jormlhiiu apulos severt'ly affected with the soft scald or surface tyjie of 
hrcuk*<l(»vs n Iti most of the siiecimens shovMi the disease extends deejK*r into the cortex of the amde than 
IS Usual. (See fin S fui t\ picul extei uul ajipearance of ‘^ocjry break-dow n m Jonathan.) 

earlier work US) the writers found extensive development of soggy 
brciik-dowm at 32° in eacli of three other seasons. The difference in 
the susceptibility of donathan in various years is thus very marked. 
The tendency to break-down in different lots of fruit given various 
delayed treatments also varied in different years. This factor is 
considered later. 

The results of storing Jonathan at the two temperatures 30° and 
36° F. for five additional storage seasons are shown m table 1. These 
studies also show complete control of the disease at 36°. Variation in 
tlie susceptibility of Jonathan in different years was again apparent, 
and (lissimilar break-down tendencies between lots of fruit given 
different delayed treatments were also max'ked. The results as a whole 
show that at a temperature of 36° soggy break-down (fig. 1) was 
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completely eliminated in each of seven seasons and that it was kept 
under 1 percent in each of eight. 

STUDIES WITH NORTHWESTERN GREENING 

Storage experiments in which boxes of Extra Fancy Northwestern 
Greening apples were stored at various temperatures for each of two 
seasons are shown in table 2. In both seasons the fruit tested came 
from trees approximately 25 years old, and was picked at the peak of 
the picking season. The number of fruits per box ranged from 125 
to 72, but the majority of the boxes contained between 113 and 88. 
No color distinc.tion between green and yellow^ fruit was made. The 
study also includes 2 years of observations of this variety under 
common storage. Delay before storing took place in an open packing 
shed. 

Table 2, —Percentage of soggy break-down occurring in Extra Fancy Northwestern 
Greening apples ^ at different temperatures ^ 


Storage temperaturo F.) 

30. 

32.-.. .. 

34.. . .. 

3fi.... _ 

40.. __ . .. 

20-00 < (comuiOD storage). _ . 


Delay 

before 

storing 

1 Slight break-down 

1 Severe broak-dow n 

1924-26 

1927 28 

1924-25 

1927-28 

—- 

— 

— 


- -- - 

J)ay<i 

Percent 

Percent 

Percent 

1 Percent 

2 

12.5 

12.7 

Wi 4 

8 7 

7 

12.6 

16,8 

17.3 

8.4 

14 

1.9 

0 

0 

0 

21 


13 4 


41 3 

2 

12 2 

28. 4 

h’ 4 

43 2 

7 

13 6 

21 8 

29 0 

0 

14 

0 

2 « 

0 

.9 

21 


14 9 


4 4 

2 

i.6 

42 7 

1 0 

17 3 

7 ! 

4 X 

16 3 

0 

1 2 

14 

0 

(1 I 

0 

9 

21 


2 4 : 


2 4 

«» 2 

I * C. S 

/•»<; 3 1 

* 2 r> 

11.3 

7 

1 6 1 

1 6.1 1 

.8 

0 

14 

0 j 

1.7 I 

0 

U 

21 

1 



U 

1 1 

4 4 ' 

1 

2 7 1 


7 

3 H 


1 9 


H 

1 (1 


1 0 


1 

0 


0 


7 

U 


U 

_ 

14 

0 


0 



1 Picking date, October 13 in both seasons. Source of fruit. 1021, State orchard, western Iowa, 1927, 
Apple Grove orchards, central Iowa 

2 Fruit examined February 18 for 1924-26 and March 3 for 1927-28 
^ I'day delay in 1924-26 

* Minimum and maximum temrieratures for various months that fruit was in wnnmon storage. Octoiier, 
44®-f)0° F.; November, 32°-64®; Dei'ember, 32° 39°; January, 20°-34°. 


The severity of the disease is expressed as slight break-down, which 
includes apples with an approximate total affected area not more than 
one-half inch in diameter; and severe break-down, which includes all 
specimens more severely affected. Severely affected apples frequently 
have 50 to 75 percent or more of their areas involved, and are always 
worthless. Slightly affected apples usually have some culinary value. 
At 36*^ F. Northwestern Greening shows a rather high proportion of 
slightly affected fruit, while at the lower temperatures the proportion 
of severely affected fruits is greater. 
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Severe break-down was usually most prevalent at the two lowest 
temperatures, 30° and 32° F. (fig. 2 and table 2). The results were 
similar for the fruit recorded under slight break-down in 1924, but for 
the 1927 fruit they were somewhat less consistent. At 40° the per¬ 
centage of break-down was under 5 percent, and none occurred in 
common storage. The tendency for the fruit to decrease sharply in 
susceptibility with delayed storage is conspicuous in this variety; fruit 
given 2 and 3 weeks’ (lelayed treatment was practically immune to 
soggy break-down. 




Ki<a KF. 2—SoK)ti:> breiik'dowTi ni Nortliwesturn (IroenmK: A, Severe soggy break-down omirring at 
and F ; slight soggy break-down in typwal sjxHameris stored at Like Jonathan, Northwestern 
Ureeiniig docs not c\hibit the inteniiil lyiic of soggy l»reak-down. 


Further evidence that storage temperature is a practical method of 
curtailing soggy break-down in Northwestern Oreening is presented in 
table 3. The fruit used in this study was similar to that recorded in 
table 2 and received the same jjrestorage and storage treatment. 
Data for six seasons are presented on storage lots wliich v'ere stored 
in most instances on the day of picking, or 1 or 2 days later. Except 
in one instance, break-down was ratist severe in fruit stored at 30° F. 
Fruit at 32° consistently yielded higher percentages than that at 
34°, and the latter usually higher than fruit at 36°. No break-down 
occurred in common storage. The rather large percentage of break¬ 
down at 36° is indicative of the high degree of susceptibility of Nortli- 
western Oreening. Tins apple is regarded as the most "susceptilble 
variety thus far studied at Ames. The smaller amount of break-down 
noted in the 1925 data is probably the result of the delayed storage 
treatment of 11 days. 
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Table 3. —Percentage of soggy hreak-doivn ' occurring in Extra Fancy Northwestern 
Greening apples * during storage at different teviperaiures^ 


Year 

Picking 

Delay 

before 

storing 

Date ex- 

Break-down at storage temperature > of— 

date 

amined 

SO** F. 

&« 

o 

34® F. 

36® F, 




Days 


Percent 

Percent 

Percent 

Percent 

1924. 

Oct. 13 

2 

Feb. 18 

66 4 

41.4 

1.0 

2.6 

1926.. 

Oct. 9 

11 

Feb. 20 

9 0 

2 2 

0 

0 

1926... 

Oct. 8 

1 

Jan. 13 

41.6 

27.3 

11 2 

5.6 

1927. 

Oct. 13 

2 

Mar. 3 

8 7 

43 9 

17.6 

11 8 

1928 - _ 

Oct. 20 

0 

Mar. 22 

46 3 

28 8 

i 10.4 

8, 7 

1929... 

Oct. 8 

0 

Jan. 23 

62.0 

18 7 





* Soggy break-down given as severe break-down; slight break-down excluded. 

* The 1924 lot of fruit was from the State orchard in western Iowa: that for 1925-29 all came from Apple 
Grove orchards in central Iowa. In all easas fruit was from trees approximately 26 years old. 

« No break-down occurred in common storage. 


STUDIES WITH WEALTHY 

In previous publications 15) the waiters have reported the 
occurrence of soggy break-down in the Wealthy variety. A distinc¬ 
tion vras then made between soft scald and the internal type of sogs:y 
break-down; so that the data do not give a true picture of the severity 
of the latter disease in this variety. The internal type of soggy 
break-down was not recognized as such until some years later; anil 
the earlier data (14, 15) therefore include only the soft-scald type 
(fi^. 3). 

In the studies for the three seasons reported in table 4, the apples 
were picked in prime condition, wwe of good color, and of Extra 
Fancy grade. The^^' were WTapped in oiled-paper wrappers and packed 
in boxes. The fruit in all cases was selected from old trees. 

There was no soggy break-down of fruit in common storage, and 
when the disease occurred at 36° F., in most instances the percentage 
w^as low . Storage at 34° did not control the break-down satisfactorily, 
particularly when storage w^as delayed, and storage at 30° and 32° in 
most cases was even less favorable. In general the data indicate that 
36° is the most desirable temperature for the prevention of soggy 
break-dowTi, and that delayed storage up to a certain point increases 
the susceptibility of the fruit. Beyond this point, according to the 
1928 data, delayed storage appears to increase resistance. 


Table 4. —Percentage of soggy break-down occurring in Wealthy apples during 
storage at different temperatures ^ 



J’icking 

Delay be- 

! Break-down at storage leniiieratureH 2 of - 

Season 





date 

fore storing 

30® F. 

j 32® F. 

1 34® F. 

1 

1 30® F. 




Days 

Percent 

j Percent 

Percent 

Percent 



( 1 1 


0.0 



1924-25 . .. 

Sept. 17 

1 7 


32.8 





1 14 


38 4 



1926-27.... 

Sept. 22 

; 2 

1 9 

15 2 
22 0 

5 3 
12.3 

2 6 1 
6.0 1 

\ 4 7 

1.2 



( 2 

1.7 

2.3 

3.0 

0 

1928-29. 

Sept. 5 


85.7 

86 9 

49 2 

28.3 


1 

79 6 

89 8 

44 4 

11.3 



1 21 

36.6 

16 1 

14.6 

0 


i Fruit examined in January in each season. Source of fnjit: 1924 and 192«, northern Iowa;'1928, central 
Iowa. 

^ No break-down occurred in common storage. 
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STUDlEvS WITH WINTER BANANA 

Attention was first called to the occurrence of so^2:gy break-down in 
Winter Banana ai)ples in 1933, when the writers observed a trace of 
the disease in one box of apples stored at 31° F. Results of storage 
tests for this variety are now available for three seasons (table 5). 
The apples came from northeastern Iowa; those tested in 1934 and 
1935 were from trees 8 to 10 years old and those tested in 1936 wore 
from trees approximately 25 years old, growing in a sandy loam soil. 
Tlie fruit, of extra fancy grade, was packed and wrapped in oiled 
paper in 1934 and 1936, but was left unwrap})ed in 1935. The apples 
in the 1934 and 1936 seasons were pi(*ked on October 5 and in the 1935 



Fn.irKE 3,-"Sop:gv bnmk'iJov n iii Wealtl».\ armies. .1, Surface tyj>e rt‘'»©mbhuR, in external appearance, 
the disease as it occurs on Jonathan ami Nortn\ve.''tcrii Greenma:. Sections of such s'pecimens frequenth'' 
reveal al<o the internal type. internal tji>« in specimens exhdiitinjt no external symptoms of the 
fli.'jctise, thouKh similar sjieclineus fre(iueutl) have both ijpes of soacy break-dow u. 

season on October 7. In 1935 and 1936) the fruit was considered 
normtil in development; in 1934 it was slightly more mature than in 
the other two seast)ns. This might have been occasioned by extreme 
warm weather in the 1934 season. 

It will be noted that the earliest stored fmit of the first season was 
most susceptible, and that there was a gradual decrease in the sus¬ 
ceptibility of the apples given the 5 ami 9 days* delay. With and 
following the 13-day delay there was usually n:arked decrease in 
susceptibility. The results for the second year dilVered from those 
of the first in that immediate storage and the shorter delays resulted 
in limited amounts of soggy break-down, wiiile longer delays increased 
susceptibility. However, the tendency for the fruit given the longer 
delays (15 and 18 days) to increase in resistance, although not so 
marked, is apparent in the 1935 results, as it w^as in 1934. The data for 
storage at 36° are not complete, but the results indicate that Winter 
Banana apples are resistant to soggy break-down at this temperature. 

34808 —at-3 
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Table 5. —Percentage of soggy hreak-down occnrring in Winter Banana apples 
during storage at different temperatures ^ 



\ pples stored 

Delay 

Break- 


Ai>ple.s stored 

Delay 

Break- 


at- 

at 

down 


at 

i — 

at 

down 

Season 



50® F. 

in stor- 

Sea.son 



50® F. 

in stor- 




before 

age at 




))efore 

age at 


31® F. 

30® F. 

.storing 

31® F» 


31° F 

30® F. 

storing 

31® 


Number 

Number 

Dayn 

Percent 


Number 

Number\ 

1 

Days 

Percent 


i II3 

125 

1 

73.5 


150 

_ 

0 

1.4 


125 


5 

no 2 


163 

_ 

3 

1 2 


21«) 

_ 

9 

51.4 


125 


0 

7.2 

1934-35. 

< 301 


13 

16 C 


163 


9 

12 0 


301 


17 

13 6 


1.50 


12 

5 4 


163 


21 

4 3 


138 


I 15 

23 6 


].)0 


25 

19 3 

1936-37- ... ... 

150 


18 

29 .5 


90 

113 

0 

0 


150 


21 

55 0 


90 

113 

3 

3 I 


163 


24 

1 16 0 


102 

113 

6 

11 8 


150 


27 

3. 3 

I93.">~30. 

110 


9 

flK 2 


103 


35 

J A 


109 


12 

72 4 


ir>o 


42 

0 


107 

. 

15 

.57.8 


150 


49 

0 


102 

--- - 

IH 

34 .3 







1 Fruit examined Feb. lA, 10.tr), Feb G, 103G, and Feb. 10,1937. 

2 No break-down occurred in cold storage at 3G® F., though only I lost after 1 day delay was made in 
lOlH-S.") and 3 tests, after 0, 3, and G days’ delay, nispoctively, were made in lOlt.VltO 1 box stored at .'iO''* 
continiiouslv in 193G 37show'ed no broak-dowii. 


Tli« results obtained in tbe third season conlinn (hose of the second 
in that lowest break-down ocenrred wi(h the shorttw peiiods of delay, 
and snseeptihility to break-down iiu-reased as the delayed storajje 
])eriod was increased to a certain dejji’i^e. llijrhest snseeptihility 
occurred with 21 days’ delay in the l()3(»-37 season, and with 12 days’ 
delay in 1935-30. The fruit of the first season was somewhat oyer- 
mature and this ])rohahly accounts for the earlier stored samples of 
that year being more stisceptihle to soggy break-down. 

Specimens of Whiter Banana exhibiting the soft scald ty])e of soggy 
break-down very fre(|uently exhibit the internal tyjie of break-down 
also, and both types occur concurrently in the same storage lots {](!). 
These obseryations ])royide further evidence that the two ty]>es of 
soggy break-down are identical (fig. 4). 

STUOIKS WITH GOnOEN OEUGIOUS 

Golden Dcliiious is one of the most susceptible yarieties and o<*ca- 
sionally develops break-down at 34° and 36° F. Some results of 
experiments with this apple showing that a temperature of 36° 
controls soggy break-down have been published (10). It is sufficient 
to call attention to the fact, that in these studies sog^y break-down 
occurred severely at 30° and 32° F.; that 34° was unsatisfactory w hen 
storage w’as delayed 12 and 14 days; and that at 36° and in common 
storage the disease did not appear even though storage was delayed 
3 weeks in some instances. 

Further data for three seasons for fruits kept at a temperature of 
31° F. likewise show the susceptibility of this variety to low-tempera¬ 
ture break-down (table 7). Suffiiient numbers of check boxes were 
kept at a temperature of 36° each year to confirm the resistance of 
Golden Delicious at the liigher temperature. 
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RELATION OF DELAYED STORAGE TO SOGGY BREAK-DOWN 

The effect of relatively short delays before storing and of prolonged 
periods of delay on the susceptibility of apples to soggy break-down 
varies with different varieties as well as with different seasons. In 
this discussion, then, consideration is given (1) to the effect of relatively 




Fjgi'rb -1 SoKKjr brefik*«l(>v\n of Winter Banana applej$ These spedinens, although showing the typical 
surface t^ie of soggy breuk-down, jirobablj would also e\hibit t he internal tyjie if sectioned. * 

short delays, and (2) to the effect of protracted delays on the subse¬ 
quent development of soggy break-dowm in cold storage. The data 
presented are for typical seasons when the disease was prevalent in 
the varieties studied. 

INFLUENCE OF RELATIVELY SHORT DELAYS 

Unavoidable delays of a few days to several weeks sometimes occur 
in carrying out large-scale harvest operations. Wlien this happens, 
the results may be expected to be considerably different from what 
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they would have been had the fruit been stored witliin 24 hours after 
picking.^ Particularly is this true if the storage temperature is as 
low as 31® or 32® F. 

From the results of the storage investigations at Ames, the writers 
have found it difficult to state definitely whether immediate storage 
or short delays result in greater susceptibility in Jonathan apples. 
In some instances immediate storage has made Jonathan more sus¬ 
ceptible; in others delayed fruit has been more susceptible. 

That delaying the storage of Jonathan may not necessarily increase 
susceptibility but, on the contrary, muj decrease it, is indicated by the 
results shown in figure 5, A. Data are presented for four seasons, and 
these may be considered to give about the average picture over a 
period of 3 >^ears. In two seasons short delays of approximately a week 
to 10 days increased the tendency to break-down; in two other seasons 
a delay of 1 week as compared to immediate treatment, decreased 
susceptibility. With one exception, 2 to 3 weeks' delay made Jona¬ 
than more resistant, or about as resistant as immediate treatment. 
These observations show that susceptibility to low-temperature lireak- 
down in Jonathan may be either positively or negatively associated 
with short dela.ys before stonige, according to the particular season 
in wliich the fruit is grown. Further evidence supporting this state¬ 
ment is given in tables 1 and 2. 

That delayed treatment may definitely make apples more resistant 
to soggy break-down is indicated by results de])icted in figure 5, B. 
The results for Northwestern Greening are typical for this variety 
(table 3). Results for the one season with Winter Banana, though 
similar to those for Northwestern Greening, are tlie reverse of thos<' 
obtained in 2 other years (table 5); so that no definite statement as to 
tlie performance of tliis variety (‘an yet be given. It may, like Jona¬ 
than, give on rcwsult one season and the oj)posite result another. 

The usual or expected results of delaying storage of Golden Delicious 
and Grimes Golden apples are shown in figure 5, C. For tlu'se two 
varieties immediate storage, or a very short delay of 2 to 3 days, 
usually gives better results than longer delay. The two seasons' 
results for these varieties exemplify the general rule for the 0 (‘currence 
of soggy break-down. However, exceptions to this rule for Grimes 
Golden and possibly Golden Delicious may be expected. For example, 
data for 1924 (7J) showed that Grimes Golden given only 24 hours’ 
delay became susceptible to break-down, and data for another season 
showed that when grown during the veiy’ warm summer of 1934 under 
heavy irrigation it became very susceptible under immediate trea tment 
(table 6). Regardless of e.xceptions, however, it is reasonably certain 
that delays of 1 to 3 weeks in the storing of Grimes Golden and Golden 
Delicious will result in higher susceptibility to soggy break-down 
than will immediate storage. 

INFLUENCE OF PROLONGED DELAYS 

As in the case of short delays, the effccit of prolonging the period of 
delayed storage on the subsecpient behavior of apples in storage 
varies considerably between varieties and seasons. In studying tliis 
problem, testing and observation over a period of years with sus¬ 
ceptible varieties was necessary. 

* data which indicate that a difference of 24 hours in the storing of Jonathan may result 

in marked dillerences In susceptibility. 
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1934.. 3IT 1929. 30T 1926,30T 1924, 30T 



1934 3I‘F GREENING GREENING I92A 30T 

1929. 3rF I92&. 30T 



1931,31T 1927.30r 1928.32T i925%0T 


Fi(i URE 6 “Perwntage of sopuy broak-down in ajjples of dilTerenf varieties withheld from storage for various 
lengths of time and then stored at the temperatures shown. .-1, fruit held at 50® F. before stonige, except 
in 1924 when it was held at outdoor temperatures; B, fruit held at 60® in 1929 and 1934 and at outdoor 
temperatures in 1924 and 1928; C, fruit held at 50® In 1928 and 1931 and at temperatures prevailinc in an 
ojjen packing house in 1925 and 1927. 
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Exporiniental studies since 1924 have shown that keeping Jonathan 
at ordinary outside temperatures 3 to 4 weeks or longer before cold 
storing makes it practically immune to soggy break-down.^ 


Results with Grimes Golden 

The effect of protracted periods of delay on the development of soggy 
break-down in Grimes Golden for each of 5 yeais is recorded in table 6. 
After 6 weeks of delayed treatment in 1928 in each of three lots stored 
at different temperatures, there may be noted a definite breaking 
point in the susceptibility of the stored fcuit. Six weeks’ delay 
resulted in similar reductions in the susceptibility of the fruit in 1931 
and 1934, while 5 and 7 weeks’ delay yielded similar results in 1929 and 
1930. In nearly all instances, therefore, protracted delays reduced 
the tendency to soggy break-down after definite periods of time. 
Periods of delay greater than 5 to 7 weeks did not increase suscepti¬ 
bility to this type of break-down. 


Table 6 . — Efft'ci of length of period of delay before storage upon the percentage of 
soggy break-down occurring in Grimes Golden apples ’ during storage at different 
temperatures in five seasons 





Hreak-down in sca.son and at tcinpcraliiri* indicated 



Delay 











at 










Lot No. 

50° F 


1928-29 


1929-30 

1930-31 

1931-32 

1934-35 


before 











storing 


. 


' 





_ - 



30° F. 

32° F 

36° F 

30° F 

36° F 

31° F 


31° F 

.. . 

31° F 


W'trU 

Pit cent 

Ptrcnit 

Pi reef it 

Percent 

Pireet'f 

Pi rcent 

Pi rci nt ; Pererfit 

Ptrytni 

1. 

0 

:i.8 

0 4 

0 4 

4 7 

0 0 

0 0 

0 0 

0 0 

68 5 

2. 

1 

.8 

6 5 

6 



1 .5 

0 

(t 

97 0 

3. 

2 2 

67 8 

73 5 

4 0 

24 6 

0 

r. 6 

(1 

1 7 

6;t 4 

4.. 

3 

60.3 

67.9 

8 7 

41 () 


9 3 

0 

2 4 

43 7 

5. 

4 

(53.4 

69.3 

21 4 

7 4 


13 4 

0 

2 2 

44 8 

6 ... 

5 

68.5 

38 0 

8 1 

2 3 

0 

5 6 

0 

2 5 

3(5 1 

7.. 

6 

. 7 1 

3 5 

0 

0 

0 

16 9 

0 

1 2 

7 5 

8. 

7 

.S 

0 

0 

0 

1 ^ 

1 2 2 1 

0 

0 

(5 1 

9... 

8 

6 

0 

0 

0 

0 

1 5 

0 

0 

5 6 

10..... 

9 

0 

0 

0 

. 1 




0 

! 0 

11..... 

10 

0 

0 

0 

... ...1 



... 


0 

12...... 

11 

0 

0 

0 






, 0 

13. 

12 

0 

0 

0 


. 

I 

. -- . 


1 


1 Source of fruit: 1928 and 1929, old trees, Apple Grove orchards, central Iowa, 1930 and 1931, yoiiuK trws, 
Highland fruit farm, western Iowa; 1934, >oung trees, Schurk orchard, southeastern Iowa. (Irowlng con¬ 
ditions' 1928 and 1929, temperature moderate, rainfall abundant, 1930 and 1931, temprature exct'j^sively 
high, soil moisture unusually low; 1934, teinjicrature very high, orchard under irrigation. P*icking dales 
Sept. 25, 1928; Sept 26, 1929, Sept. 16, 1930; Sept. 22, 1931; Sept. 25, 1934. Fruit examined. Jan. 24, 1928; 
Jan. 29,1929; Apr. 1, 1930; Feb 19,1931, Feb. 15.1934. 1 box in each test, 
i 10 days’ delay in 1929-30. 

In table 6 it may be noted that in 1934 the marked predisposition 
to soggy break-dowm in promptly stored Grimes Golden was accom¬ 
panied by low break-down tendencies imder prolonged delayed treat¬ 
ments. This fruit from a heavily irrigated orchard in southeni Iowa 
was grown during the warmest summer on record and was picked w hen 
very mature, yet it improved in resistance with tlic longer delayed 
treatments. It appears, therefore, that Grimes Golden becomes 
markedly less susceptible to soggy break-down when given a fi-week 


# It seems advisable tn point out that the practice of delaying the storage of fruit either for short i>eriods or 
for long p^iods is not recommended in any instance a>s a measure for the prevention of soggy break-down. 
T he experiments on delayed stpage have been conducted mainly for the purtiose of ac<}uiring information 
pertaining to the nature of this disease. Delaying storage of apples may make them more resistant to 
soggy b^ak>down. but It may also make them more susceptible to other diseaeesr such as apple scald, Jona¬ 
than spot, bitter pit, mealy break-down, or toloss in flavor, mealiness, etc. 
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prestonige treatment at 50® F., and practically immuiiG with still 
longer, similar prestorage treatments. 

Harding^s respiration studies {6) arc of particular significance in 
view^ of the foregoing results, lie found that high respiratory activity 
(in tlio 1928-29 and 1929-30 fruit, table 0) was correlated with high 
susceptibility to soggy break-down. In other words, both the res¬ 
piration rate and the liability to soggy break-down were noticeably 
low ered after approximately 6 weeks of storage at 50® F. 

Rkrclts with Golden Delicious 

In experiments w ith (lolden Delicious, comparable to those carried 
on with (Irimes (Jolden and Jonathan, the results w^ere similar but 
less conclusive. Data for 3 years of observations are reported in 
table 7. Relatively long delays of 8 to 12 weeks at 50® F. somewhat 
decreased the severity of soggy break-downi in the 1931 and 1934 
fruit. After 9 and 10 wrecks of delayed treatment in 1931 there was 
a distinct lowering of susceptibility, the percentages being 31.5 and 
44.6 respectively, as compared to 57.3 for the 8 w^'eks' treatment. 
There was a graihial decrease in susceptibility beginning with the 
7 w^ecks^ treatment, but the differences were h'ss marked than with 
(irimes (lolden. Decreases in siLSceptibility to severe break-down in 
the 1934 fruit are similar to those in the 1931 fruit. As the tendency 
to severe break-down decreased in th(‘ 1934 35 fruit, the tendency to 
slight break-down increaseil. 

Table 7. -Ejjt d of h ngih of period of delay before alorage vpon the percentage of 
soggy brenk^doicn occurring in (rolden Ihiicioiis apples * during storage at F. 
in 8 seasons hetwieu 1030 and 


ii\ - 



i I )cla> 





- 

. -- 

. 

Lof No. 

1 at 50"’ F 1 
j Iwfore 

1 slonng 

1 


1930-31 


1931.32 

! 

P)34-36 



Slight 

1 i 

1 Severe i 

Tidal 

Total 

1 SliKht 

1 Se\ere 

1 Total 


1 \ 

Percent 

■ Pircent { 

Percent ' 

Percent 

Percent 

1 Percent 

Percent 

1 . . 

; 0 1 

0 U 

« 0 0} 

0 0 

0.0 

7. 2 

I 21.7 

29.0 

2 . . 

-1 1 

0 

0 ! 

0 

3.3 

6 a 

j 03 0 

08.0 

3. . ... 

1 

0 

0 j 

0 

22. 1 

10.2 

i 48 5 

04 7 

4 . . .. 

; 3 i 

2 .6 

0 1 

2.r» 

61.0 ! 

1 7 4 

i 77.8 

86.3 

^_ . 


7 3 

16 3 j 

22.0 

! 07 7 1 

! 6.0 

1 71.6 

78.2 

1) . 

6 I 

12 4 

32 8 ! 

4,6.0 

7.6 5 

4 2 

! 90 9 

95.2 

7. ... 

li i 

10 4 

13 9 ' 

24.4 

79.0 

7.4 

84. 0 

92.0 

8* '..!! .. 


13.6 

24 ,6 1 

38.1 

01 3 

10.9 

80. 2 

: 97.0 

9 ... 

i 

9.0 

37.7 

40.7 

57.3 

0 4 

K14 

89 7 

10.. 



.1 


31.6 
; 44.6 

14.4 
1.3.1 

72 6 
80.9 
33.3 
44 2 

1 

80.9 
94.0 
80 0 

ll ... 

i 10 ! 


i 


12.. 





40. 7 
35.6 

VA 

! 1*2 1 

I 

■. 1 


'. 1 

79 S 

.i 1 . i.1... i 


‘ Sourct* tif fruit: 1930, Apple < Jro\c orchards, central Iowa, 1931, lliKhlaiid frujt farm, western lo\^a. 1934. 
iSchurk orchards, southeastern Town Growing conditions: 1930 and 1931, temperature high, soil moisture 
low, 1934, temperature very high, orchard heavily irrigated. Picking dates* Oct. «. 1930: Oct. 7, 19;il; Sejit. 
18. UW4 Fruit examined Mar. 30,1930; Feb. 26, 1931; Feb. 11. 1934 Number of boxes: 1931 and 1934, 1; 
1932,2. 

* Stored same day picked in 1V)30 and 1931; 0 ilays’ delay in 1934. 


The difference betw eeii Grimes Golden and Golden Delicious in their 
response to long-delayed treatment must be considered in relation to 
varietal characteristics, i. e., date of maturity and length of storage 
season. Grimes Golden, for example, matures relatively early and be¬ 
gins its storage period early, whereas Golden Delicious matures late, at a 
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time when the average growing temperatures are lower. The con¬ 
ditions to which the two varieties are subject during the maturation 
period are decidedly different, and the fact that their ripening periods 
are not coincident may alone be suflicient to account for different 
responses in storage. Experiments similar to the foregoing were 
carried out with (Jolden Delicious in three other seasons, but no 
soggy break-down developed, indicating again that seasonable differ¬ 
ences ill the susceptibility of aj^ples must be considered in studying 
tliis disease. 

Kesttlts with Northwestern (Ireening 

Results with Northwestern Greening for the season 1929 30 are 
given in table 8. The fruit, which was obtained from central low'a, 
was selected and handled as in former seasons. The data indicate a 
marked lowering in the susceptibility of the apples w hen storage w^as 
delayed 2 weeks at 50° E. With longer delay practically no break¬ 
down developed at either 31° or 30° F. The results are similar to 
those for Jonathan, which consistently exhibits resistajice with dehiyed 
treatments longer than 3 and 4 weeks. 

RELATION OF MATURITY OF FRUIT ON DATE OF PICKING TO 
SUSCEPTIBILITY TO SOGGY BREAK-DOWN 

Earlier results publislied by the writers (Li?) indicated that the 
maturity of Jonathan on the date of picking influences its suscepti¬ 
bility to soggy break-down. An interpretation of the earlier results, 
together with those for three other seasons, is summarized in table 9. 
The pickings recorded for ea<*h year extended throughout the commer¬ 
cial picking season for Jonathan, so that intermediate dates represent 
fairly closely the optimum pi(‘king dates. The term “highest matu- 
rity^^ indicates the degree of maturity attained on the latest ])icking 
date; the terms “intermediate’^ and “low’^est maturity” nder to 
maturity attained on intermediate and earliest picking dates. All 
samples were stored at 32° F. 


Table S.—Effect of length of pvriofl of delay before storage upon the percentage 
of soggy hreah -donm ^ occurring in North we,stern Creening apples duiing storage 
atdl° ami F., 19^0 ;io 


liOt So 


Delay 
al 5(1° 

F be- 


Bretik-down at 


Delax 
at 50® 

F be- 


Break-doM n al 

Applp*^* 

storage tcmiicr- 
ature of- 

; 

lait No 

Apples 2 

storage teniiHu*- 
utiire of-- 

fore 

storing 


31® F 

30® F 

i 

i 

fore 

storing 

1 

1 

31® F ! 30® F. 

1 

HVf/wv 

Nurnbfrl 

Percent 

Percent 

I 

Weekn 

^Xnrnher 

1 1 

’ Percent: Perunt 

(b 0 1 

100 

02 0 

IH 7 

().. 

5 1 

00 

0 0 1 0 0 

1 

72 

23 0 

1 4 

7. 

0 

(t4 

0 1 0 

2 

IIJH 

3 7 

0 

«.. 

7 

KKI 

0 1 0 

8 

00 

1 0 

1 0 

9. 

8 

88 

0 0 

4 

00 

1 3 1 

0 




1 


» Fruit examined January 'li. a Stored same day picked, Ocjtoimr 8. 

2 Number also indicates size of fruit. 


In eJonathan, the highest degree of maturity as indicated by late 
picking appears not to be correlated with greatest susce])tibility; and 
fruit picked at the beginning of the commercial season, or before it had 
become overmature, appears to be more susceptible to soggy break¬ 
down. These results agree in part with those reported by Tiller and 
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Chittenden {20) of Now Zealand, who found that overmature Jona¬ 
than apples were less susceptible to ‘^deep scald’’ than fruit of lesser 
dt^grees of maturity. 

Table 9. —Relation of degree of maturity of the fruit to soggy break-down susceptibility 
in Jonathan apples stored at 32° t\ 


Season 

Pickings 
tier season 

Degree of maturity associated with low^ost 
susceptibility 

J degree of maturity 
associated with 
highest suscepti¬ 
bility 

19J9 20. 

Nii/mlter 

0 

1 5 

Highest.-. 

Lowest 

Int.errnediate 

I Lowest 
Intermediate. 

1 Do. 

1 Lowest. 

J92f)-2L. ... 

Lowest,__ __ . 

1922-2.3.. 

Ilighest ..-. 

1923- 24.. 

1924- 25.- 

1920-27.. 

Lowest-..-. _ 

Highest.. 

4 ! 

1 1 nterinediate and highe.st... 


The results of varying the picking maturity of Jonathan throughout 
three seasons are given in table 10. In 1923, the liighest resistance 
was found in the earliest samples harvested on September 18; the low¬ 
est resistance in fruit of intermediate maturity harvested on September 
24; and progressive increases in resistance were noted in the two suc¬ 
ceeding ])ickings of fruit. 

TJie 1924 results were similar in that highest maturity resulted in 
low susceptibility. Be(‘ausc of the slight occurrence of soggy break¬ 
down data for 1920 give less information, but they do indicate 
greatest susceptibility in one of the most immature samples. 

The value of these results with Jonathan lies mainly in that they 
sliovv that picking maturity seems to alfect susceptibility to soggy 
break-down, and that storage behavior maybe directly related to the 
maturity attained on the tree. 

'Fable - Percentage of soggy break-down occurrmg in apples of several varieties 
harvested at various stages of maturity and stored at 32° F. 


variety 


.loriathaiK 


Wealthy. 


(Irimes Golden 


Northwestern Greeniiig. 


' I u uiiei luuivuieu (lemy oerure 

Veiir I *'“■'“'>8 i stormtiof- 

' (late i — - - , — — • -- — 

I I None i 1 week | 2 weeks j 3 weeks 


i 

i 

Ptreent 

Percent 

Percent i 

! Percent 

i 

Sept 18 1 

0 0 i 

4 5 1 



)/ 1023 1 

Sept 24 1 

45.5 

( 82, 2 I 

1 



Sept. 29 ! 

34 f) 

14.0 j 




Oct 4 1 

13 5 

12.3 



; 1 

Sept. 30 ' 

lU 2 

8. « ; 

3 0 

0 0 

H 1924 

Oct. 7 1 

18 3 

3.4 ; 

.3 1 

0 


Ocl 14 1 

4 8 ' 

2 9 i 

1.7 1 

0 


ISept 20 1 

0 

3 4 

0 

0 


Oct. 2 

0 

0 

0 1 

0 


Oct 5 

0 

0 

0 

0 


Oct. 12 

y 

0 

1 0 

0 


.\Ug. 27 

9 

8.9 

i 12.0 


f 1923 

Sept. 4 

! 0 

4.0 

' 1.0 


1 

Sept. 11 

1 0 

2.0 

i 0 


■I 

Aug. 28 

1 0 

0 

, .0 


1 1924 

Sept. 3 

0 

.6 

! 4.3 ! 



Sept. 9 

0 

0 

' 10 4 



Sept. 17 

0 

22.8 

1 31 8 



Sept 7 

0 



44.9 


Sept. 11 

0 



1 (V>. 3 

1928 

Sept 14 

0 



61 4 


Sept. 20 

0 

. 


89 0 


ISept. 25 

,4 

_ , 


67.9 


Sept. 12 

0 

4.4 

4,7 


1923 

Sept. 19 

8.0 

3.C 




Sept. 2.5 1 

19.3 

28.8 

2.0 



Oct. 17 1 

51.2 
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With Wealthy, the results for the two seasons are conflicting. In 
1923 the most immature fruit was the most susceptible, and in 1924 the 
most mature fruit was the most susceptible. 

With Grimes Golden, the highest susceptibility was found in fruit 
picked on September 20. As judged by the usual methods for deter¬ 
mining matiu^ity, tliis date was considered the optimum picldng time 
of the season. It should also be noted that very immature fruits of 
Grimes Golden, picked as early as September 7, were liiglil^r susceptible 
With Northwestern Greening, undormaturity was associated with a 
much higher degree of resistance than overmaturity. 

EFFECT OF CONTINUOUS MOVEMENT OF STORAGE-ROOM ATMOS¬ 
PHERE AND OF STORING IN OPEN CONTAINERS ON SOGGY 
BREAK-DOWN 

In 1924 the writers reported studies {13) in which recirculation of 
the storage-room atmosphere gave good control of soggy break-down 
in one season and only partial control in another. The apples used 
were Extra Fancy Jonathan, wrapped and packed in standard boxes. 
Other researches (I, S) pertaining to the application of ventilation as a 
control measure in Jonathan, showed that circulating the storage- 
room atmosphere and using ventilated containers did not give con¬ 
sistent results. The results of further studies on the effect of aerating 
storage rooms and the use of open containers ere given in table 11. 
Each lot of fruit consisted of a. quantity ecpial to a standard apple box. 

‘ The fruit was of Extra Fancy grade and was medium in size. The 
type of open basket used is showm in ligure 6. 

With one exception all of the eight boxes under air rnov^ement (b^vel- 
opod more soggy break-down than the boxes in the unaerated room. 
A comparison of the efticieney of the of)en-wire-basket method of 
storing under moving-air conditions with the conventional apple-box 
method in a room with still air showed in six of (ught instances more 
break-down in the wire-basket <x)ntainei‘s. When open aiul standard 
containers both under aeration were compared, condicting results 
were obtained. 


Table 11. — Effect of aerating storage rooms upon the percentage of soggy hreak-dovn 
occurring in Jonathan and Grimes Golden apples stored at and 3^"^ F. in two 
types of containersy season 1923-24 


Variety and storage temperature C^F.) 


Jonathan, 32_ ... __ 


Grimes Golden* 
30. 

.32.. 


i 


I 



i 

j Hreak-(lown in storage 

Break¬ 
down in 



j room, air artitlcially 



circii alo<I 

storage 

Picking 

Delay 

before 

storing 

. 

„ -- 

room, air 
not eircu- 

date 

Apples not 
wrnpijod, 
in open* 
mesh wire 

Apples 
wrapped; 
in standard 
boxes , 

lated, 

apiiles 

wrapi>ed, 
in .standard 



baskets 

boxes 



Percent 

Percent 

Percent 

'Sept. 18 

{ 

O.U 
62 fi 

(\ 4 
#»9,8 

0.0 
(Kt.2 

.'^ept. 24 

;{ ^ 

14.0 
68. 7 

14.9 
48 6 

4 1 
36.0 

Sept. 29 

/ 4 

1 7 

24.0 

9.0 

31.3 

2.3 

8.4 

3.0 

.Oct. 4 

{ 1 

2;j.7 
36.3 

JO. 6 
20 0 

.9 

18.8 

Sept. 25 

f 14 

1 21 

10.1 
13.0 

07.8 
00.3 

. 

__<lo_ 

( 

1 21 

J2.2 

73. 6 



2.6 

07.9 
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Strikingly different results were obtained with Grimes Golden at 
30® and 32® F. In all instances the wrapped fruits in standard boxes 
developed more soggy break-dowm than those in open-mesh baskets. 
It should be noted, however, that the Grimes Golden in the open 



Fh.vre G.' Met hod of stoi Ing Joimlhaii applet in wire baskets in aeration studies. Fruit in thosti baskets, 
under eonllnuous atmospheric movement and at the same temperature, became more severely affected 
witli soRgy break•do>\n than trapped fruit in standard boxes in rooms vithout atmospheric movement. 
Dissimilar results were obtained with Grimes Golden. 

baskets were somewhat shriveled at the end of the experiment, al¬ 
though not sufficiently so to affect their market value. The Jonathan 
fruits wore not noticeably shriveled. The results tend to confirm 
those reported by the writers in an earlier experiment (IS), in wliich 
storing Grimes Golden in open-wire baskets gave complete control 
of soggy break-down. 
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The cornparisoD of fruits in open and closed containers with and 
without circulating storage-room atmosphere is not comprehensive 
enough for final conclusions. It may reasonably be expected, how¬ 
ever, that the methods of storing and aerating used will not control 
soggy break-down in Jonathan. The results with (irimes Golden give 
more promise, although complete control was not obtained. 

OTHER ETIOLOGIC FACTORS 

Throughout the course of the investigations reported above, certain 
other etiologi(j factors of soggy break-dos\m have received considera¬ 
tion. These include the effect of (1) fruit color, (2) nitrate fertilizers, 
(3) climatic conditions, and (4) size of fruit. vStudies of all of these 
factors are not complete and final conclusions cannot be given. 

Tablk 12.— Effect of degree of fridi color upon the 'percentage of soggy break-down 
occurring in Jonathan and Northwestern Greening apples ^ during storage at 
different temperatures 



Store<l niimedl- 
ateJy 


Slorfige <U‘fermi 
2 uecks 


A ..,. 1.10 Break- . ! Break 

Apples dim 11 I -^BPU‘.s, 


Numherl Percent ^NuintHrl I* 


\'M 
BIS I 

no I 

1. ')P i 
li:i I 
217 i 
2HK I 
IT)! : 

2 . - 3 .^, j 
i7:i 
250 


K 2 I 
0 

1 H 
0 
0 
0 

r>i .1 
h; 0 
M 1 
;iii 0 
71 .5 
'M\ 1 


13S 

150 

113 

MO 

j:is 

no 


nrnt 
21 7 
10 7 
lf> K 
s I 
."i I 
.} 0 


‘ Date of e\aTnmatioii, March 1 each year Apples m oiled wraps in smj^le boxes 

2 The term “hif?h color” for Jonathan indicates fruit completely colored or with KKI-jktcciiI cohjr. “low 
color,” fruit 25 to 60 iwrccnt colored In the case of Norlhwixsiern (Ireenln^, the yellow fruit was a deep 
golden yellow*, the green about an apple-leaf green Both yellow* and green fruit were selecttni fioin the 
same trees on the same day. 

Some effects of the degree of color of the fruit on susceptibility urc 
given for Jonathan and Northwestern Greening in table 12. The 
results for one season suggest that color may influence susceptibility 
to some extent. Jonathan with lOO-percent color in storage at 30"^ F. 
was less resistant than fruit with only 25- to 50-percont color. In 
Northwestern Greening at all three temperatures, fruit of full yellow 
color was much more susceptible than leaf-green fruit. However, the 
green fruit was not entirely resistant. In other expe^riments with 
Grimes Golden and Golden Delicious the writers have noted that 
green fruit was often more resistant than well-colored fruit, but not 
invariably so. 

The results of 3 ycars^ work on the influence of nitrogenous fer¬ 
tilizers on soggy break-down have been published {12), and while 
further studies have been made, the results merely confirm those 
already reported. In the earlier work {12} it was found that in wet 
years nitrate fertilizer seemed to increase susceptibility considerably 
in both Grimes Golden and Jonathan, but not in tlie 2 subsequent 
dry years (1930 and 1931). Similar experiments during 1932 and 1933 
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in four different orchards, with Grimes Golden, Jonathan, and Golden 
Delicious, have shown no further consistent increase in susceptibility 
of these varieties when the trees were fertilized with nitrate of soda. 
However, the continuous abnormal growing: conditions from 1930 to 
1933 resulting from high temperatures and drought, sliould be con¬ 
sidered in interpreting the results, for under such conditions apples 
become more resistant. Drought conditions made it necessary to 
discontinue the study in 1934. In view of these facts, the writers do 
not consider the question of the relationship of nitrogenous fertilizers 
to the liability of apples to soggy break-down adequately answered. 

In most of the varieties that are susceptible to soggy break-down it 
has been observed tliat the size of the fruit is of little consequence. 
In the majority of the tests the apples were sorted according to size 
before they were packed, so that the size factor has been definitely 
under observation throughout. The results to date indicate that 
small apj)les are fully as liable to soggy break-dowm as large ones. 
The one exce])tion thus far noted is Northwestern Greening. The 
results of experiments with two size classes of this variety are recorded 
in table 13. The size class 64 to 104 proved to be much more sus- 
ce])tible than class 113 to 150. The differences noted between large 
and small fruit can probably be explained on the basis of maturity, 
since large Northwestern Greenings are generally considered to be 
more advanced in maturity on the tree than small Greenings. The 
range in size in this variety averages wider tliaii most varieties. Large 
.Northwestern (ireenings, then, appear to be more susceptible to 
soggy l)reak-(h)wn than small. 


1'arle 13 Kffict of fruit fii:r upon the percentafp of froggy hreak^down occurring in 
Xorlhurstern (irfruing apples ^ Janng storage at different temperatures^ season 




Dcliix 
.W K ho- 
, fore sioi- 

Bieak-dimn in Inriie fruit (sires 

Break-down m Mnall fruit (''ires 

l.ol No. 



64 to 11)1) i 

_ 

_ 

113 to 150»s 




inn 

1 30° F ! 

1 

3J° F ; 34° F 1 

F , 

30° F. 

* 3‘2° F. 1 .34° F . 

30° F, 




Pircent\Percent Percent, Ptrcent Ptreent Percent f^ercint 

Percent 

1 _ - 


0 

I 62 h ■ 

.^7 5 48 5 

6 

4(5 

, 28.8 , 10 4 

8 7 

2 


7 

\f> 9 

12 h ' 12. ."> > 

2.0 . 

5 1 i 

1 8 9' 0 

0 

.i / 


14 

21 6 

10 5 8 

1 9 

4 9 ] 

i 2 4 1 8 : 

0 

1 


-'1 

,S ; 

7 . 2 9 

.5 .3 ' 

2 4 1 

2 4 1 0 ; 

8 


_ 

_ 





' 1 



1 I)Hle picked, Oct ‘JO; date of examini^tion, Mar 22. 

^ X'arious iKMitmcnts ro.Milted in no break-down in coninioii storatie. 


THE PERIOD OF DEVELOPMENT OF SOGGY BREAK-DOWN 

The develolunent {)eriod of soggy break-dowm in Grimes Golden 
was reported in an earlier publication (15) to extend approximately 
from December 12 to February 15. The disease developed rapidly 
between January 11 and February 15, but there was no subsequent 
development iip to May 12. 

The method of storing Jonathans in open wire baskets, described 
above, afforded an opportunity to note the periodic development of 
soggy break-down in this variety. The fruit in the open wire bas¬ 
kets used in the aeration experiment (table 11) was carefully inspected 
at weekly intervals in the storage room to determine the initial appear¬ 
ance and the severity of the disease in all lots under treatment. The 



iC4 


758 Journal of Agricultural Research voi. ss, no. lo 

data obtained (table 14) show that the dates of first appearance of 
the disease in the different baskets ranged from November 20 to 
January 3. It is evident, therefore, that soggy break-down may 
appear as early as 2 months after storage. Early appearance of the 
disease and high susceptibility seem to be associated. 


Table 14. —Date of initial appearance and maximum percentage of soggy break- 
down attained tn Jonathan apples in open wire conjLainers when stored immediately 
and after 1 week^s delay^ at 3:^° F., season 1933-34 




Break-down under im- j 

Break-down when stor- 


1 

mediate storage 

age wa.s delayed 1 week 

Lot number 

Picking 

— 

-- 

- - 

— 


date 

Initial 


Initial 




appear- 

Maximum 

1 appear- 

Ma.vimum 



a nee 


auce 





Percent 


Percent 

1... 

Sept. 18 

None 

0 

Nov. 20 

52. fi 

2. 

Sept 24 

Dec. 3 

14 0 

__do.- - 

58 7 

3.-. - 

Sept 29 

...do,, , 

24.0 

Jan. 3 

9 0 

4. 

Oct. 4 

Doc 18 

23 7 

Dec. 3 

35 3 


Other studios with Jonathan have indicated that the period of 
development terminates toward the end of the commorcial storage 
period. For example, published data (13) show that very little break¬ 
down developed between February 17 and April 1 in 1920, or between 
January 28 and March 28 in 1921. Other observations (table 13) 
show no development after January 20 in 1924, and still otlicrs show 
practically none after February 1. The period of development of 
the disease in Jonathan terminates rather abruptly, as it does in 
Grimes Golden. Although less is known of the period of develop¬ 
ment in other varieties, therc^ are indications that it is similar to that 
of Grimes and Jonathan. 

Further evidence that soggy break-down lias a definite period of 
evolution in Jonathan was obtained by observing th(‘ increase in 
area of diseased tissue in marked specimens. On November 15, when 
break-down was first noted, 100 Jonathan apples were removed from 
storage, the affected portions were outlinecl with a sliarp-pointed, 
moistened indelible pencil and the fruit was then returned to stor¬ 
age. The method of outhning the diseased areas and the progressive 
development from November 15 to December 3 are shown on two 
typical specimens in figure 7. In no case did the diseased areas expand 
after January 1. 


Table } 3.—Extent of soggy break-down in Jonathan apples^ stored ai 33^ F. after 
different periods of delay; exarmrted on Jan. 36 and Mar. 13, 1934 


Picking 

date 

Apples 

Delay 

before 

Break-down j 
on— 1 

_ 1 

«5tormc 

Jan. 26 

Mar, 12 

Sept. 30 

}0ct. 7 

Kumber 
{ 688 : 
J es2 

) m 

1 m 

f <139 
l 651 

Paifg 

1 

7 ! 
14 
21 

1 

7 

Percent 
10 2 

8 6 

3 0 

0 

18,3 

3 4 

Percent 

0 

0 

0 

0 

0 

0 



Picking 

date 

-Apples 

Delay 

iieiore 

Break-down 

on— 

storing 

Jim. 26 

Mar. 12 

7. 

}c)ct. 7 

Number 
f 676 
676 

j 688 

626 
651 
676 

Daps 

14 

21 

1 

7 

14 

Percent 

JS 

Percent 

0 

8. 

0 

0 

0 

0 

0 

9 . 

10 . 

11 . 

[oct. 11 

4.8 1 
2 9 
1.7 

12. 

1 

21 

0* 

0 





















Nov. 16,1937 Factors in Dereloprnerd oj Soggy Break-Down in Apples 759 

On January 14 of tho same season 500 diseased Jonathan apples 
were marked and immediately returned to cold storage. An exam¬ 
ination on February 15 revealed no further increase in the marked 
areas. It is recognized that the conditions to which the marked 
apples were siibjected were not the same as those of other fruit kept 
continuously in storage containers. However, the results indicate 
that the advance of soggy break-down may be easily checked and 
that this disease has a rather definite period of development. In the 
latter respect it diliers from apple scald, Jonathan spot, and mealy 
break-down, which continue to develop before and after the fruit is 
removed from storage. This information is of interest to commercial 




Fu3i KE 7 - Jonathan applfls marked sh<»w development of .'lojiKy break-down. Affected areas did not 
mcrciiso in M/.e from llecember 3 to April H Apples were put back into cold sttirape immediately after 
markinp 'ryfiinil e\iernal apijearuncc of sogp:y break-Uow n of Jonathan. (See fig. 1 for internal appear¬ 
ance of sojrgy break-dow n ) 


storage operators and growers who may naturally suppose that most 
storag(‘ distaisos of apples increase progressively in severity as the 
storage period is prolonged. 


DISCUSSION 

The observations recorded on the effects of picking maturity and 
delayed storage suggest that soggy break-down in apples may be 
associated with tho stage of metabolism attained by the fruit at the 
time it is stored. Further evidence of this is brought out in the 
respiration studies of Harding (4, o) on large samples of Grimes 
Golden, and the storage studies carried out concurrently on similar 
fruit by Plagge {11), Harding found that respiratory activity in 
Grimes Golden accelerated rapidly at 50° F. during the first few weeks 
after picking. If actively respiring fruits of Grimes Golden were 
stored at 3()°F., they subsecpiently became higlily susceptible to soggy 
break-down; but if the fruits were stored before a high respiratory 
level was attained, or after it had subsided, they Avere resistant to the 
disease. When the fruit was stored at 36°F., regardless of its respira¬ 
tory activity, it was resistant. 

Other evidence that the stage of metabolic activity is important is 
shown by the results of many storage experiments with Jonathan and 
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Grimes Golden. In earlier experiments {IS) with Jonathan, the 
writers observed that apples which had become severely affected with 
Jonathan spot were only slightly susceptible to soggy break-down. 
More recent studies confirm these observations. Jonathan fruits 
delayed 2 to II weeks before storing develop much spot and little or 
no soggy break-down, while those stored more promptly develop little 
Jonathan spot but more break-down. Jonathan apples susceptible to 
spot have already attained a high metabolic rate when stored, since 
this disease is closely allied to senility. Fruit that is susceptible to 
soggy break-down, therefore, is probably not so far advanced in its 
respiratory cycle when stored as that which is susceptible to Jonathan 
spot. 

wSimilarly, a study of the tendency of Grimes Golden to apple scald 
and soggy break-down yields evidence that the stage of metabolism 
on the date of storage is indicative of its susceptibility to so^gy break¬ 
down. In studies H, 11) in which ros))iratory activity in Grimes 
Golden was shown to bo closely correlated with break-down susc('pti- 
bUity, break-down fruit was not affe(‘ted with apple scald, or vice 
versa. This was observed a number of times with Grimes Golden 
and other varieties, and recently Brooks and Harley {2) have called 
attention to a similar result- with Grimes Golden. 

The results with Winter Banana further indicate that delayed stor¬ 
age may give different results in difrerent si'asons, and tliat no rule can 
be formulated as to the extent of delayed treatment that will result in 
maximum susceptil)ility. 

The results of the storage-tem])eraturo studies over a period of 
years emphasize the need for raising slightly the apple storage tem¬ 
peratures used in commerce. Experimotits year after yeai* have shown 
that susceptible varieties store satisfactorily at 36° F., and that 
similar fruit may be severely affected with soggy break-down when 
the temj)erature is lower. Some may prefer to emphasize prompt 
storage rather than change the temperature, but such a practice is 
not always possible, and it will not serve as a satisfactory remedy in 
all cases, or even consistently in a few. The alternative is to store 
apples at 35® to 36® F. instead of at the conventional 31® to 32® range. 
Other reasons for making this change in the storage temperature W(M'e 
presented in an earlier publication {17). 

Results of aeration studies with Jonathan, in which the storage- 
room atmosphere was kept continuously in motion around wrapped 
fruit in closed boxes, as well as around unw rapi)ed fruit in mesh-wire 
baskets, offer little hope that circulating the storage-room atmosphere 
w^ould be of value in the control of soggy break-dowm. Although 
some beneficial results froiri aeration methods have been recorded, it 
is believed that these may have followed from the more rapid rates of 
cooling in open containers and aerated storage rooms, with the net 
result of a changed metabolism, or from the resulting more even tem¬ 
perature control rather than from the removal of producls of respira¬ 
tion. Whitehouse {21) pointed out that 160 hours ( 6)2 days) w^as 
required to cool the center of a box of wrapped apples to 34 ® from 70® 
when the room temperature W’^as 32® F., and that unwTappod fruit in 
boxes cooled more rapidly than wrapped. Moreover, a difference in 
time of only 3 days in the rate of cooling may markedly change the 
break-down susceptibility, especially when apples are in a high 
metabolic state. 
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The removal of certain hannful products of respiration deserves 
some consideration, particularly in the light of recent studies by Kidd 
and West (7), who point out that a toxic substance (probably ethylene) 
from ripe applies accelerates respiratory activity. But in the experi¬ 
ments described above Jonathan fruits sometimes developed more 
break-down in open containers than in closed boxes, and more in closed 
boxes under moving air than in still air. In these experiments, recircu¬ 
lating the storage-room air would probably not remove from the 
apples small traces of certain gases such as ethylene. 

SUMMARY 

Experiments carried on over a period of years on the effects of various 
causal factors of soggy break-down in apples, including picking ma¬ 
turity, storage temperature, short and long prestorage delays, and 
aeration are re}>orted. 

The maturity of the fruit on the picking date was shown to affect 
its tendency to break-down, })ut nt)t alwaj^s in the same dire(‘Jion for 
different varieties. 

Storing promj)tly after picking frequently caused Jonathan, and 
usually \orthwestern (Ireening, to be more susceptible to soggy 
l)reak-d()wn, wliile similar treatment of (irimes Golden, Wealthv, and 
Golden Delicious usually caused these varieties to be more resistant. 
Three seasons’ work with Winter Banana showed a res])onse similar to 
that t)f Jonathan. 

With j)rotracted delay before storing, i. e., from approximately 5 to 
10 weeks at 50® F., Jonathan, Grimes Golden, Winter Banana, and 
Northwestern Greening exhibited marked resistance to soggy break¬ 
down. With similar treatment Golden Delicious develo})ed more 
soggy break-down than the varieties just named, though it, too, 
teruled to be resistant. 

liesults with J3icking-maturity and prestoragc-delay experiments 
suggest that susceptibility to soggy break-down is associated with the 
stage of respiratory activity attained by the fruit at the time it is 
])lace<l in storage, 

(\)ntinuous movement of the storage-room atmosphere either over 
packed boxes of wrapped fruit or over fully exposed unwrapped fruit 
was unsatisfactory as a control measure for soggy break-down. 

Studies on the periodic development of soggy break-down indicated 
initial and linal dates of occurrence and a- rather definite period of 
<levelopment. 

flonathan with l()()-])ercent color in storage at 30° F. w^as more sus- 
c(‘ptible to soggy break-down than fruit of similar maturity having 
25- to 5()-percent color. Northwestern (ireeuing of a full yellow color 
was mor(» susceptible than distinctly green-colored fruit. 

Of the varieties studital, Northwestern Greening was the only one in 
which large fruits were found to be more susceptible to soggy break¬ 
down than small fruits. 

Apple varieties from the same orchards in different years, and from 
different orchards in the same year, exhibit marked differences in 
susceptibility to soggy break-down. 

Investigations carried on for a number of years indicate that the 
most satisfactory method of controlling soggy break-down in all 
susceptible varieties under all the conditions teste<l, is to store apples 
at 30° F. rather than at lower temperatures. 

«480;V™37-4 
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SOME PROPERTIES OF POTATO RUGOSE MOSAIC AND 
ITS COMPONENTS ‘ 

By Donald Folkom, plant pathologist^ and Reinek Bonde, associate plant 
pathologist^ Maine Agricvltural Experiment Station 

INTRODUCTION 

Rugose luosaie was described by Schultz and Folsom (Wy 21,^) as 
one of several mosaic diseases of the potato (Sokinum tuberosum L.) 
at a time when the idea that one host might have more than one virus 
disease of the mosaic type was somewhat new. Since then plants 
affected with the rugose mosaic disease have been shown to contain at 
least two viruses, one of which may be called the pure rugose mosaic 



Fif.riiE 1 -('onneclifut Uroivllenf (obm’co plnnt showing, in leaf n, fanil mmii clearing resulting from infee- 
I ion h> pure rugtise mosaic 

virus (fig. 1). The other, which has been designated the latent virus, 
is present in practically all American potatoes, as can be shown bj" 
inoculating plants of certain other species of Solanaceae. (See figs. 
2 to 4 and also 3y p. S; O^ Jig, 5, B; 2, A and 3; 22, Jigs. 4 and 44; 

17, Jig. 9). Vein banding, first described by E. M. tiohnson (8, pp. 
299-300 and pL X,Jig. 1) on Burley tobacco {Nkotiana iabacum L.), 
and later given as a symptom of rugose mosaic on Turkish tobacco 

1 Hec»ivetl for publication April 22.1937; issued December 1937. 
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Journal of Agricultural Resetuch, V’^ol. 55, no. 10. 

Washington, D, C. Nov. 15,1937. 

Key no. Maine-26 


( 765 ) 



766 Journal of Agricultural Research voi. ss, no. lo 

{23y pis. 2j 3)y is not a symptom of pure rugose mosaic on Connecticut 
Broadleaf tobacco or Green Mountain potato. By some recent writers 
the pure rugose mosaic component of rugose mosaic is referred to as 
the ‘S^ein-banding virosis,” sometimes being designated as ‘‘vein¬ 
banding virus” and sometimes as“vein banding.” Rugose mosaic is 
said to be common and destructive in commercial potatoes in some 
regions (75, p. 5), and has been found by the writers attacking many 
new seedling varieties in breeding plots. 

Property studies were begun by the writers with the twofold purpose 
of increasing the information on viroses, and developing simple physi- 



Fiourk A, Connecticut Broadleaf tobacco leaf from plant moculated when .vounj? with Juice from appar¬ 

ently tiealthy Green Mounlam potato plants, n, uninocmlated, healthy check. BhotoKraphed March 
23, 1921). 

cal and chemical tests for diagnosing potato viroses in local or imported 
lots of seed tubers. Several thousand plants in some hundreds of 
series w^ere inoculated. 

Although these property studies are concerned primarily with 
rugose mosaic and its components, comparisons were made betw^een 
rugose mosaic and several other more or less similar virus diseases, 
such as tol)acco spot necrosis, potato streak, and potato mild mosaic. 

In potato plants of the Green Mountain variety in the nonnal 
Maine summci*, the rugose mosaic disease is characterized by some¬ 
what difluse mottling, distinct dwarfing, rugosity premature death of 
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the plant, considerable reduction in yield of tubers, ease of infection 
by artificial methods, and slowness of natural translocation of the 
virus through infected plants and tubers* 

A sequence of symptoms of rugose mosaic, typical of certain condi¬ 
tions, should be men tioned. Leaf-mutilation inoculation of young potato 
plants often jiroduces, 
as the first sy m p toms in 
(Ireen Mountain pota¬ 
toes, in Maine, more 
necrosis than mottling. 

Streaking of veins and 
petioh»,s and collaps(». 
and dropping of leavers 
occur at some distaru'o 
above the inoculated 
leaves. T h e lower 
leaves, that is, the 
leaves below t hose tha t 
are subject to streak¬ 
ing and other forms 
of necrosis, show no 
sympt oms, though 
their extra(*t produces 
infection ; the up[)er or 
youngestleaves merely 
develop mottling 
fig. /, l)\ ii.fig. li\ 

/(K pi. 4^ fO. Smith 
(i^^, pp. (Vfd 

fig. fiO), describes sim¬ 
ilar effects produced by 
virus Y. Apparently 
tJie rugose mosaic 
virus, upon becoming 
gen erally d is t ri b u ted 
through tJie plant, af¬ 
fects the leaves differ¬ 
ently according fo 
their age. Occ'asion- 
ally similar effects r(‘- 
sult from the delayed 
diffusion of the virus 
from the seed pieces of 
a tuber unit into grow¬ 
ing plants {2J ,pl. <V, C), 
and hills and brandies 
often display such ef- 
fectsusfirst symptoms. 

A similar sequence of symptoms may occur in Connecticut Broad- 
leaf tobacco. Vein clearing and necrosis (fig. 5) occur, as in the potato, 
as initial symptoms, in leaves above those inoculated. They some¬ 
times occur in the lower or proxhnal end of one leaf, in the middle of 
tlie next higher leaf, and in the upper or distal end of the following leaf. 



t Kii Rfc 3 ' Coiiiieelinit Broudleaf lobacoo leaf from plant inoculated 
wlien >()unir hjUi juice from apporontly healthy Oreen Mountain 
Iiotato ]tlant.s. For <lilTorent effects uf the same inoculation, on a 
iiother plant, see figure 2.1. and for healthy check see fig. 2 B. 
J*hotographe<l March 23. 1920. 



768 


Journal of Agricultural Research 


Vol. 65, no. 10 


(See also the following: Jig. 6, B; ll^jig^ 4y B; 22, jig. 3; 23, pL 3.) 
Inasmuch as the first part of a tobacco leaf to become full-formed is the 
distal, and the last part the proximal, leaf tissues wliich display 

the initial vein-clearing 
symptom are probably 
in approximately the 
same stage of develop¬ 
ment. Older tissues 
show no symptoms 
and younger tissues 
are merely mottled, 
or even apparently 
healthy, especially as 
the plant grows older. 

Such a sequence in 
Connecticut Broadleaf 
tobacco infected with 
pure rugose mosaic 
(free of the latent mo¬ 
saic^ , i s 1 ess conspic u ous 
because there is less 
vein clearing and no 
necrosis (fig. 1). 

It is not known 
whether the dilference 
in severity of symp¬ 
toms in leaves and 
parts of leaves of dif¬ 
ferent ages in these 
tests was due to a dif¬ 
ference in the amount 
of virus that developed 
or to a difference in 
reaction to similar 
amounts of virus. Ac- 
quiretl Lminunity could 
hardly be the explana¬ 
tion, though it might 
account for the absence* 
of severe symptoms 
upon reinoculation of 
rugose mosaic potato 
plants that are dis¬ 
eased through virus 
perpetuation by the 
tubers. Price {19) has 
presented evidence of 
acquired immunity in 
tobacco propagated 
vegetatively after infection by a tobacco ring spot virus which was 
then found to be present in smaller amounts than in the leaves that had 
been inoculated artificially and showed the severest symptoms. 
However, in the case of rugose mosaic it is not the inoculated leaves 



Kigukk 4, —Connecticut firoadleaf tobacco leaf of plant infectwl \\ith 
latent mosaic from apparently healthy Oreon Mountain potatoes. 
Note the incr.jasing seventy of the symptoms from the distal Hn<l 
oldest end of the leaf, to the proMinul en<l. 
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that show the severest symptoms, but rather some of those infected 
through systemic spread of the virus. 

Potato extract often had an immediate and direct toxic effect upon 
tobacco leaves. This effect was more pronounced when rugose mosaic 



Fmtjhk r» —('onneclicul llroft<lleaf tobacco plant ahuwina vcm clearinj; and ruj^osit.s in t hroe > ouiiKei leaves 
and eollarise In one leaf, resulting from infection by rugose incsaic, a composite of xmre rugose mosaic and 
latent mosaic. 

was present in the potato plant that supplied the inocuhuu, but it 
could not be used as an indicator of rugose mosaic infection. It 
consisted of puckering, chlorosis or bleaching, and collapse and drying 
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of tlie interveinal tissue, all limited to the vicinity of the place of 
inoculation. It was prevented by filtration through a Berkefeld N 
candle even when the filtered extract caused rugose mosaic infection. 

SOURCE OF INOCULUM AND CHOICE OF HOSTS 

The usual source of inoculum was stock of the Green Mountain 
potato that had been perpetuated in tuber-unit disease-maintenance 
seed plots from the time that it was selected as typical of rugose 
mosaic potatoes. Tobacco plants, after infection by artificial inocu¬ 
lation, were used to some extent as a source of inoculum. 

Inoculated plants wore usually of the Green Mountain variety of 
potato, tlio Connecticut Broadleaf variety of tobacco, or jimsonweed 
{Datura stramonium L.). Tobacco was more sus(*eptible to rugose 
mosaic than potato. Jimsonweed was not infected by the pure rugose 
mosaic component, but was ideal for testing properties of the latent 
mosaic component {17j jigs. 4-6). 

Less satisfactory preliminary results were obtained with plants of 
the Bonny Best variety of tomato {Lycopersicon esculentum Mill.), 
nightshade or wonderberry {Solanum nigrum L.), husk-tomato or 
groundcherry {Physalis puhescens L.), and apple-of-Peru {Nicandra 
phmalodes (L.) Pers.). 

Tomato, when infected with rugose mosaic as proved by inoculation 
back to potato, showed symptoms similar to those prodiu^ed by the 
latent mosaic. Nightshade was mottled by the latent mosaic and, 
when rugose mosaic was present, showed more (‘oirspicuous mottling 
in addition to wrinkling and leaf dropping. flusk-tomaUt, when 
infec^ted with rugose mosaic, was more wrinkled and rugose than when 
infected with the latent mosaic alone. Apple-of-Peru was dwarfed 
and blotched by the latent mosaic, and in addition was dw arfed, mot¬ 
tled, chlorotic, and wrinkled wdien infected with rugose mosaic. 
Plants of bean {Phaseolus vulgaris L.) were immune to both rugose 
and latent mosaic, or at least did not become infected when inoculated 
by the leaf-mutilation method. 

METHODS OF INOCULATION 

The leaf-mutihition method was most satisfactory for inoculating 
potato plants. The young leaves of plants about 10 cm high were 
rolled between the palms of the hands until they were (‘onsiderably 
bruised, and they were then painted with the inoculum, in the form 
of expressed juice, by means of a cotton swuib held in flamed twH>ezers. 
Sometimes the juice was applied with the fingers and sometimes it 
was poured onto the bruised leaves. 

For inoculating tobacco and jimsonweed, the simplest method was 
satisfactory and consisted of using two new wooden pot stakes from 
those to be used in marking the plants of the series. One stake was 
used to support the leaf and the other to paint the inoculum upon 
the leaf surfaces (dorsal and ventral) and to bruise the leaf somewhat. 
Normally the three largest leaves were inoculated when the plant 
had six leaves a centimeter or more in length. 

If inoculum was scarce, instead of the stake-painting method a 
diseased leaf was used, either as picked or after having been pulped 
in a mortar. The inoculum was held in flamed tweezers and the 
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inoculated leaf was supported with a flamed knife. A slice of tuber, 
used in this way, was not so effective as leaf tissue. 

Other methods tried and found less satisfactory were painting with 
a soft brush, pricking with a needle, and cutting, pruning, or stabbing 
with a knife, each in addition to applying the inoculum. After a 
finger-painting method had been used, washing the fingers with soap 
did not make them noninfectious to jimsonweed, although it did to 
tobacco and husk-tomato. This confirms the conclusion of Fernow 
(5) as to the unreliability of soap and water as a virus disinfectant. 
Inoculation of stems and roots was less effective than inoculation 
of leaves. 

In the greenhouse, where some potato plants and all plants of other 
species were inoculated, the temperature usually was held at 18® 
to 24® C. by thermostatic control. 

When potato plants were inoculated, there was usually a control 
series that (‘ontained plants representing the respective tuber units 
to which the inoculated plants belonged. However, this proved to 
be an unne(*essary precaution. Sometimes the tubers of inoculated 
plants were saved and planted and the second generation of plants 
observed, but when young plants were inoculated with rugose mosaic 
this was found to be unnecessary. 

The control series developed very little uncontrolled or chance 
transmission, <»ither in greenhouse or field. 

INFECTIVITY OF THE VIRUS 

INOCULUM PROM DIFFERENT ORGANS 

(\)nfirmation was attempted of a previous result obtained in testing 
different ])arts of the [)otato plant, namely, that the infectiousness 
of the rugose mosaic, virus seemed to be (‘orrelated with the amount 
of chlorophyll present (^/, 507). In one new experiment, extract 

from leaflets or from ])etioles and stems was completely effective on 
jnitato, while extract from colorless sprouts or seed tubers infected 
only one-sixth of the plants inoculated. In a second experiment, 
extract from the foliage was completely effective on potato, extract 
from colorless sprouts or seed tubers infected five-twelfths of the 
inoculated plants, and extrac't from roots infected only one-sixth. 
When seed tubers were greened by exposure to light, the amount of 
greening was not correlateil with variations in infectiousiiess of the 
(extract. However, clarifying extract from foliage by appropriate 
filtration sometimes reduced iiifectiousness. 

McKinney {Jo, p. So) found the concentration of virus in mosaic 
tobacco to be much greater in leaf extract than in stem extract. 
In potatoes affected by spot necrosis, which is about the same as 
rugose mosaic, Valleaii and E. M. Johnson {23, p. 48Ii.) found colorless 
sprouts noninfectious while the green leaves were highly infectious. 
Matz {16) reports lower rates of infectiousness by sugarcane mosaic 
from extract of white tissues than green tissues of the same shoots. 

AGE OF PLANT SUPPLYING THE INOCULUM 

Inoculum w as secured July 21 to 31, about midw ay between planting 
and harvesting, from rugose mosaic potato plants grown in the field. 
Such inoculum w^as more infective than moculum secured previously 
or subsequently. Further, inoculum from young plants infected all 
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inoculated plants, and sj^mptoms appeared in 14 to 20 days. With 
inoculum from leaves midway along the stem of old plants 4 feet 
long and dying, 80 percent of the inoculated plants were infected and 
symptoms first appeared in 31 days. Inoculum from dry leaves of a 
plant dying 2 days previously from old age produced no infection. 

In several comparisons, the age of tobacco plants with rugose 
mosaic had very slight if any effect upon the infectiousness of their 
extract when it was diluted with enough distilled water to reduce 
the proportion of extract to 10, 1, and 0.1 percent of the inoculum. 

Diseased tobac.co leaves dried for 8 months were not infectious. 

AGING OF INOCULUM IN VITRO 

Usually extract, to be used as inoculum, was obtained by grinding 
the plants through a food chopper, collecting tlie pulp iii gauze, and 
squeezing out the sap by hand into a glass or porcelain container. 
The extract was then stirred well and divided into equal portions, 
and these were allow^ed to stand, or “aged,^' in vitro until used for 
inoculation. The important results of several illustrative comparisons 
are given in table 1. 

Apparently aging in vitro often increased the infectiousness of 
rugose mosaic inoculum up to 4, 6, or 8 hours of aging, depending 
upon the series, while further aging decreased infectivity until it was 
lost. This loss in infectiousness required more aging at 5° V, than 
at 17® to 30°. At 30° the loss developed earlier with potato than 
with tobacco as the inoculated plant, occurring respectively before 
5 days and after 10 days. At about 23° for pot ato, infectiveness w’as 
lost in 3 days by one inoculum, in 4 days by another, and in 5 days by 
others, while being retained by one for at least 7 days. At 15° for 
tobacco, infectiveness was lost in 7 days. 

Increase in infectiousness of extract after a (*ertain amount of aging 
in vitro has been reported for tobacco mosaic by Klmer (4), Olitsky 
and Forsbeck (18), and McKinney (J4j />• 8’), and for curly top by 
Bennett (f, table secovdj ninth, and last sou 7 Tes), 

Mosaic virus of the latent t^qie sometimes resisted agirij? slightly 
better than that of rugose mosaic, and aging was not an effective moans 
of freeing pure rugose mosaic from latent. 


Table 1. --Effect of aging^ at normal and at low temperatures (° C.), upon the in- 
fectivitij of rugose and latent mosaic extracts from potato and tobacco 


Series > 


Virus 

Source of in- 

IMaiils iiUK’u- i 

Aging of in- 

oculum 

lated 

oculum 

Rugose mosaic,. _ 



[None. 

4 hours. 

J’otuto_ 

Potato__ 

hours. 

24 hours. 

130 hours. 

[None. 

1 hours * 

.do. 

-- .do. 

.do. 

■ 8 hours *... 

24 hours 2 

30 hours 2... 

[None_ 

H hours .... 

.do. 


-do . 

hours.) 

2 days.} 

l7 days.1 


ResuJts 


All hills infected, most com¬ 
pletely and severely vviih -I 
• hours’agirif?. Symptonisap- 
licaritiK later with 24-30 
hours’ aglnji. 

All hills infected, most com¬ 
pletely and severely w'ith K 
, hours' RKhiK. Delay of ap- 
fiearance of symptoms, with 
24-30 hours’ acting, greater 
than in s(>ries 1. 

All hills infected. 

Increased Infection. 

Jlecreased infection progres- 
.«iively. 


» ^ries J-5 and 8 were In the field, and the rest in the greenhouse, at about 23® C. 
* fa sunlight for at least 8 hours, for comparison with series 1, kept in the dark. 


















Nov. 16 , 1937 Properties of Potato Rugose Mosaic and Its Components 773 


Table 1.— Effect of aging^ at normal and at low temperatures (® C.), upon the in* 
fectivity of rugose and latent mosaic extracts from potato and tobacco —Contd. 


Series 


10 <io 


n 1 J.rtteiit niosuK'^., 


do 


Tolmcoo 


' i Kujiosi* luobaic.. 


.do 


Tohiw'co 


Virus 

Source of in- 

Plants inocu- 

oculum 

lated 

goes mosaic.. 

Potato. 

Potato_ ... ( 

do__ 

...do_ .. 

_do ..._ 1 

] 

.do_ . 

I 

.do , 

... do .... i 

i 

.do. 

....do .. , 

Tobacco_- - -I' 

do. 

.... do .. . 

1 

i 

i Potato.! 

i ! 

do . 

1 . do. 

1 j 

!.. . do. 1 


Aging of in¬ 
oculum 


2 days_ 

3 days... 

4 days.— 

5 days... 
8 5 days. 
11 days— 


hour_ 

2 hours... 

4 hours... 

6 hours .. 

8 hours.. 

3 days.. . 

6 days_ 

7 days_ 

8 days. 

11 days. 

17 days. 

k3H days.. 

days . 


Results 


|No difference, all hills infected. 
Decreased infection 

No infection. 


All hills infected. 


Most infection at 4 and 6 hours. 


1 Infection with aging at ,'i° 
{ hut not at 17®, 23®, and 30® 

1 No infection with aging at any 
temperature. 


Infection with aging at 6® hut 
not at 30®. 

No infection 

Infection decreased with aging 
at 30® as compared with 5®. 


1 

i I 

! i 

«lo ... .1 Jinisonweed_| 


Infection increased up to 4-0 
hours, ilecreased in S hours, 
lost at .'days. 

Infection with aging at -0® 
rNo infection with aging at 20®. 


r> days.. . 

7 days . .. 
lOdajs. .. 

None... .. 

2 hours .. 

4 hours ... 
f> hours . . 

8 hours ... 

.5 day.s 
17 days ... 

;5da>s ... 

7 days. 

10 days .. 

8 days.I Sh iieretuit infected with aging 

at —18® in fioren shoot. 

17 days_ No infection with aging at 6® 

hut all infected with aging 
at -7®. 

20 days.. . 33 fiercent infected w’lth aging 

at —7® in frozen .shoot 

k36 days. No infection with aguig at —7® 

1 in frozen shoot. 

17 diiys.I All inftHited with aging at 

' HI frozen shoot. 

None_ 

1 hour. 

21 lours. 

3 hours. ... 

1 hours_ 

*5 hours. 

a hours_ 

7 hours ... 


.Ml infected, most with symp¬ 
toms m 13 da>s. 


All infected, minority with 
symptoms in 13 days. 

AH infected, none with symp- 
torns until after 13 da>s. 


S hours .... 

1 day. 

2 days. 

3 days. 

4 days .... 

.•i days .... 

a days. 

7 day.s. 

.10 days. d 

I 


M ajorit y infecteAl. 
Minority infected 


Aging at about 16® C. 


Aging in potato extract in vitro usually inactivated rugose mosaic 
inoculum within a few days, according to James Johnson (/?, table 11) 
and James Johnson and Orant (iO, table 7), both authorities finding the 
latent type persisting somewhat longer. Similar results are reported 
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by Koch (11, table 8).^ Van cler Meor (^7, table 4) reported persistence 
of the latent mosaic for less than 6 days in one test, and for nearly 
3 weeks in others. 

TEMPERATURE 

A common method of determining the so-called thermal death point 
of a virus is to immerse a tubeful of inoculum for a certain length of 
time in water maintained at a constant temperature. This requires 
frequent readjustment of the water bath, or the use of several baths, 
if a comparison is to be made of the elfects of different temperatures 
on parts of the same inoculum. The writers heated a water bath 
gradually, removing and cooling the sublots of inoculum as the rising 
temperature, registered by a thermometer in the inoculum, reached 
various points. Many such comparisons were made but need not 
be given here. The results of several typical comparisons are shown 
in table 2. 


Table 2. — Ejfpci of high lernppratvras on ififectiriiy of rugose mosaic inoculum from 

potato 


Series 


Plants inoculated Tomi»6raluro regulation. ® (\ 


Results 


t 1 Potato . - 


2 Tobacco,,. . .. 


3 Potato- , 


4 Tobacco . 


6 .. do. 


Raised about 10“ everj S nun-^ 
utes to. 


Raised about 10“ e\erj 4 inin-j 
utes to. 1 


Raised to 


Raised to .. , 


Raised to. 


AO 

00 

70 

hO 

r.'io 

.v. 

t»0 

06 

70 


Complete infect ion. 
Little infection. 

No infection. 

1 ) 0 . 

C^unplote infectlop. 
Do. 

Do. 

No infection. 

Do. 


175 
SO 
H.'-, 

loo 

[t.-) 

.60 


Do 

Do 

Do. 

1 ) 0 . 

Complete infection 
Do 
Do 


00 I .No infection 


Do. 

Do 

All latent mosaic 
Do. 


Wi 

0.6 

40 

4.6 

.60 

.66 

00 

f»6 

,70 


W IKircent latent ino* 
saic 

No infection. 

('oinple.ie infection. 
Do. 

Do. 

83 percent infected 
Only latent mosaic 
Do 
Do 


‘ Senes 1 was in the field; the rest were in the greenhouse 


Rugose mosaic virus usually w^as inactivated by raising the tempera¬ 
ture to 60° or 65° C., or by holding the temperature for 10 to 15 min¬ 
utes at 55°. Even with conditions apparently the same from series 
to series, the results were not alike. A higher temperature was re¬ 
quired for tobacco extract used on tobacco than for transfers from 
potato to potato, potato to tobacco, or tobacco to potato. Exposures 
to tempe^ratures just below those able to inactivate increased the time 
required for the first symptoms to appear and decreased the percentage 

^ He refers to vein banding, ring spot, and mottle; in a later publication he and Johnson state that “For all 
prfRd^al purposes, jwtato ‘rugose mosaic’ is due to the vein-banding virus” (fl, p. is)^ though actually 
including mottle or ring spot in addition (p. 4/). 
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of plants infected; no change in the nature of the symptoms was ob¬ 
served. The results with pure rugose mosaic were much the same as 
with rugose. The latent mosaic present in rugose mosaic had a higher 
limit of tolerance, sometimes persisting to 90*^. 

The thermal death point, of rugose mosaic virus has been found 
by others to lie between 00® and 65® (.9, p. / /), 55® and (U)® (iO, table 3), 
and 5<S® and 00® C, {11, table 7), all at 10-minute exposures to constant 
temperature. The corresponding limits of the latent mosaic were 
about 70® {9, p. 11; 10, table 3), 05® to 70® (11, table 7), and 70® to 75® 
(17, table 5). 

DU.UTION 

Hvtract from diseased plants was diluted to various degrees with 
water of different kinds and with juice from healthy plants, with a 
resulting reduction in infectiousness, at least when a certain point of 
dilution had been reached. The results of the tests with diluted ex¬ 
tracts, from different sources transferred to one host or another, are 
given in part in table 3. These rcvsults are representative of a large 
mass of (lata which show in general that infectiousness was lost w'hen 
the proportion of extract in the inoculum had been reduced to between 
10 and I percent by distilled w'ater (in transmission tests from potato 
to potato in the greenhouse); to betw-een 1.0 and 0.5 percent by healthy 
potato juice (potato to potato in the field); and to between 1.0 and 0.1 
percent by soft lake water and distilled water (potato to tobacco in 
the greenhouse). Some infectiousness persisted at 1.0 to O.l percent 
in series diluted with hard river and well wat(T (potato to potato in 
the field) and with distilled water (potato to tobacco and tobacco to 
tobacco in the greenhouse). As the limit was approached, there was 
a decrease in the percentage of plants infected by inoculation and an 
increase in the time recpiired to bring out the first symptoms. 

The latent mosaic was somewhat more persistent at the dilution 
inactivation point of rugose mosaic. 

As cornpaivd with the above inactivation point of about 0.1 percent, 
or about one one-tliousaiidth, it is inten^sting to note that the in¬ 
activation points reportc^d by others for rugose mosaic are about one 
on('-th()usandtlis {9, p. 11) am] one five-thousandths to one ten-thou¬ 
sandths (11, table 9), and for the latent mosaic, one ten-thousandths 
(.9, p, 11), one ten-thousandths to one one-millionths (//, table 9), 
and about one one-hundred-thousandths (/7, table 0). 

The greater inactivating effect of healthy potato juice, as compared 
with water in series 2 anti 3 of table 3, upon rugose mosaic, is similar 
to that reported by ^^cKinney (H, table o) for tobacco and cucumber 
extracts. 

Th(^. inactivation of tobacco mosaic virus by pokeweed (Phytolacca 
decandra L.) juice in vitro (14, />. 9) was found to hold also for rugose 
but not for latent mosaic, and pokeweed juice painted onto tobacco 
leaves several days before inoculation with rugose mosaic redu(‘ed 
infection below that obtained on water-painted checks. 
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Table 3. —Efect of dilution upon infectivity of rugose 7nosaic virus from potato 


vSerie< i 

Hants inoculated 

Diluent 

1 

Potato___ 

River water__ 

i 

2 

_do. 

Well w'ater_ 

3 

.do. 

Ueali by jKitato extract _ 

4 

do. 

Distilled water. 

5 

Tobacco. 

.do. 

fj 

....do. 

... .do. 





Percent 
extract in 
dilution 


JOO 

f)0 

20 

JO 

5 
2 
1 

60 

20 

10 

6 
2 
1 

.6 

.2 

.1 

60 

20 

10 

5 

2 

1 

.6 

2 

50 

JO 

1 

.1 

.01 

60 

10 


6 

1 

.6 
. 1 
.05 
.01 
006 
001 


Results 


All Infected. 

1 Infection of all, but progressively 
less severe. 

88 percent infected. 

20 iiercent infected. 

10 percent infected. 

All infected. 

All infected, majority incompletely. 
IX) percent infected. 

70 percent infected 
44 percent infecterl 
20i)ercent infected. 

22 jiercent Infected 
90 percent infect.ed 
40 riercent lnfe(‘ted. 

30 percent infected. 

20 percent lufecteil. 

.33 percent Infected 
11 percent infected. 

None infected. 

|.\11 infected. 

^ .Vonc infectetl 

|.\11 infected. 

83 iHircent infectt*d 
None infected. 

00 percent infected. 

None infected. 

40 percent infected 


None infected. 


J Series 1-3 were in the field, the rest wore in the greenhouse. Series 2 and 3 wore kept under similar con¬ 
ditions 


FILTRATION 

Rugose mosaic potato extract filtered througli Borkefeld N mid V 
candles infected a small percentage of inoculated tobacco plants, but 
usually no potato plants. The percentage of infection was not in¬ 
creased by previously clarifying the extract by filtration through pap<>r 
that had be(*.omo coated with the gelatinous mass of crushctl plant 
tissue, or filter slime. Neither was it increased bj' filtration under 
80 to 90 pounds^ prcwssure per square inch in a Hill pressure apparatus. 
Here the unfiltered sediment in the rubber bag enlosing the candle 
retained its full infectiousness, although exposed to the pressure indi¬ 
cated. (More than 75,000 pounds^ pressure was required to inactivate 
mosaic tobacco extract (7).) Clarification did not inactivate the 
extract, although sometimes it reduced infectiousness slightly. Of 10 
potato plants inoculated in the field with extract filtered under air 
pressure through a (.^hamberland B filter, 1 became diseased, possibly 
through uncontrolled natural infection. Of 18 potato plants inocu¬ 
lated in the greenhouse with clarified extract filtered through a Berke- 
feld V candle with suction that reduced the pressure to about one-fifth 
of an atmosphere, 1 became diseased. Filtration through a Berkefeld 
V candle had little effect on the infectiousness of latent mosaic extract. 
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CHEMICALS 


Each chemical to be tested was dissolved in water in a series of 
different concentrations in equal amounts of solvent. Then the 
solution at each concentration was combined with an equal amount 
of fresh extract. For example, to get a 5-percont concentration, a 
10-percent solution of the chemical was made up and added to an 
equal amount of the fresh extract. Thus the resulting mixture con¬ 
tained a 50-percent concentration of the extract and half the concen¬ 
tration of chemical in the original solution. The mixing was followed 
by inoculation within about 10 minutes. The order of mixing and 
inoculation was according to decreasing concentration of the chemical. 
The chemicals tested arc representative of several important types of 
compounds, and are readily available, easily prepared for use, and for 
the most part, of recognized value as disinfectants or fungicides. 
The results are given in table 4. 

The lethal point of hydrochloric acid for rugose mosaic virus varied 
with cqmlitions. It was between 0.07 and 0.2 percent in series 4 (in 
transmission tests from potato to potato in the field) ; between 0.2 and 
0.5 in series 11 (potato to potato in the greenhouse), in series 12 and 13 
(potato to tobacco in the greenhouse), and in series 14 (tobacco to 
potato in the greenhouse); and beyond 0.5 percent in series 15 (tobacco 
to tobacco in the greenliouse). However, the closeness of results 
probably was more remarkable, considering the different conditions, 
than the variation. The lethal point of sodium hydrate also varied. 
In the order of decreasing concentration needed to inactivate, the 
tested chemicals and their inactivation points were as follows: Ethyl 
al<*ohol (C 2 H 5 ()H), over 50 percent; sodium chloride (NaCl), about 5 
percent or 1 to 20; formaldehyde (HCIIO), about 0.5 percent or 1 to 
200; liydrochloric acid (HCl) and sodium hydrate (NaOH), respec¬ 
tively, about 0.2 percent or 1 to 500; and copper sulphate (Cu^ 4 ) 
and sulphuric acid cleaning fluid, respectively, about 0.1 percent or 
1 to 1,000. Pndonging the duration of exposure to the chemical to an 
hour did not shift the point much (series 17 versus 18). 


Table 4. —EffecU of chemicals upon infectiviiij of rugose mosaic virus from potato 

and tobacco 


cs» 

.’^ourct* of 
inoculum 

PJant.s inocii- 
luted 

Chemical j 

! 

Percent of 
cliemical 

1 1 


Potato. 

1 

j 

CnlljOlf.i 

[.5 and less. 

(lO . 


- do ... - 

_do. 

CsHsOHJ .1 

[2.5 ami 50. 

As in series 1... 

3 i 

do 

... do , 

HCIIO 3 .! 

2 and more. 

4 

. ... . 

L... do. 

j 

.-.j 

0.(M. 

0 07. 

H , 

... do - . j 

- ..do. 

NaOIl.|. 

0 2 and more - 

0 1... 

0.2 and more. 

t5 ! 

... do.. . 

' . do ..i 

NaCl_ .!■ 

U 1 to 1. 

2.... . 

5. 

0.004 to 0.2_ 

0 3.. 

7 i 

i 

.. -do.. i 

1 

i 

[... do. 

1 1 

i 

IICIIO. 

1 


,0.7 and more.., 


Kesults 


All inferled, 

ATostly Infwted. 

Some infected. 

As in series 1. 

No infection. 

All infected. 

2tl jiercent infected. 

No infection. 

.*)() percent infected. 

No infection 
All infected. 

HO i^rcent infected. 

10 percent infected, 
so to 100 i)ercent infected. 
HO |>ercent infected. 

No infection. 


* Series l-S were in the field, the rest were in the greenhouse. 

* (^.ommercial “denatured" material was used in series 2. 

> Percentages calculated on bast.s of actual IlCUO; thus percent in terms of the 40‘percent solution used 
would be H and more. 

* Percentages calculated on the basis of actual HCl; thus each is only about two^flfths of concentration of 
the c. p. material used, with specific gravity 1.19. 

84803—37-5 
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Table 4. —Effects of chemicals upon infectivity of rugose rnosaic virus from potato 

and tobacco —^Coiitinucd 


Series 

Sourtt' of 
inoculum 

Plants IIKHIU- 
lated 

C'liemical 

Percent of 
chemical 

Results 





(0.1. 

80 jH'i’cent infected. 

No infection. 

8 


Potato.— 

CuSO^_ 

-|o.2. 




[l and more_ 

Do. 

U 

.do. 

^'obacco. 

(^2U6on_ 

120 and less... . 

All infected, 

13 percent infected. 

All infected. 





I«’HL --- 

10.2.-. 

JO 

.do. 

.do. 

nciro.. 

<^0 5. -. 

40 jiercent mfoeted. 

No infection 


[l and miae.. 

11 

. _--do--. 

Potato. 

ITCl-.. 

to 1 to 0.2_ 

lO.f)... 

40 ivrwnt infected. 

No infection. 







All infected. 

12 

.do_ 

Tobacco_ 

nc'i.- 

io.2. 

20 iierwnt infected. 





h.r, .. 

No infection 





joi.. . 

33 iwri'cnt infoc1e<l. 

13 


_do—. 

ir(’L_.- 

<0 2_ 

17 (H'rcent infected. 

No infer*! Ion, 




jo A— _ 

14 

Tolmcco_ 

Potato . 

ijej ... 

10 1 to 0 2. 

All Infected. 


No infection. 

00 percent infected. 

81 percent infected. 

33 jiercent infoclerl. 

All infected 

No infection. 






J5 

_do __ 

Tol>aeco. 

IK'l—. 

]o.2.-. 



lo..*) _ 

JG 

Potuto 

- do . 

NaOH_ 

I0.0.A too 1. 

10 2 -__ 








(M)5. _ 

All infected 

17 

_do. 

.do.. 

NaOH_ - 

f0.l-. 

40 iiercent infecterl. 





l0 2 .. 

GO jierrent infected. 

i 18 

--do. 

.do. 

NuOU. 

10.05 to 0.1. 

U).2. 

All infected. 

No infection. 

10 

Tobacco. .. 

.do_ 

.do__ 

10 05 too 1. 

All infected 

HO percent infected. 



10 2.. 

|1 . 


1 

1 

.All infected. 

20 

Potato. ! 

_do.. 

Na('L _ j 


14 per(*ent infected. 

No infection 


|ho. 





! 0 1. 1 

17 percent infected. 

21 

.do. 

--do.1 

CuSOi.. 

;f0 2.: 

No infection 



1 

] 

HI 5 to 1.; 

Idants killed. 





IJO.OAtoO.l .. -] 

No infection except by latent 

22 

.do- 

.do. 

Cleaning fluid *• | 

10 25 to 2 5. I 

component. 

No infection. 

' 23 

.do. 

Jirrison weed — ' 

-.-do... ... 

10,05 to 0 1.. 1 

!m 2.5 to 2 5 i 

Latent mosaic. 

No infection 





10.01 to 0.1. . . 1 

All infected 

24 

.do. 

Tobacco.1 

_do.. 

f| . 

No mfoction except bj latent 
coniixineni 

j 

I 1 

10 1 . 


1 

1 

20 jiercent infected. 

25 

— -do_ j 

! 

---do.! 

1 

NaOH —.; 

1 


All infected. 
jNonc infected. 


5 Same inoculum as for series 17 except mixed 1 hour before beiiiK u'^lvI 
« Ma<le up witli sulphuric acid and potassium bichromate. 

7 Series 22 and 23 were under the same conditions 

The lethal point for the latent ooniponent did not differ from 

that for rugose mostiic except for greater resistance of the latent to 
the toxic effects of formaldehyde and the cleaning fluid. 

James Johnson {9, p. 12) and Koch {11, table 10) report similar 
results with alcohol and HCTIC). Van der Meer also found ah'ohol a 
weak inactivator {17, table 7). Freeman (6) found that from rugose 
mosaic only the latent mosaic component could be recovered at pll 
4 to 5.5 and at 9.7; from pH 5.6 to 7.0 there w'as no inactivation, 
and at pll 3.6 or lower not even the latent component could be re¬ 
covered. 

COMPARISON OF RUGOSE MOSAIC WITH OTHER MOSAICS 

MILD, CRINKLE. AND LEAP-ROLUNG POTATO MOSAICS 

Leaf-mutiktioii inoculation of bean plants with potato mild mosaic 
and leaf-rolling mosaic extract produced no symptoms. Stake-paint¬ 
ing inoculation of potato plants with potato mild mosaic extract did 
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not always infect and, when it did, produced late and therefore un¬ 
satisfactory symptoms. Similarly, unsatisfactory symptoms re¬ 
sulted on potato with the potato crinkle and leaf-rolling mosaics. 

TOBACCO MOSAIC 

Dried huivcs from the laboratory of B. M. Duggar in St. Louis, Mo., 
from experiments of F. M. Blodgett at Cornell University, Ithaca, 
N. Y., and from a field in Connecticut, were used as the sources of 
tobacco mosaic inoculum which gave infection on potato plants. The 
symj)toms were not those of a mosaic, but were ratlier like those of 
streak with some suggestion of blackleg, and included necrotic sjiotting 
and streaking of the leaves, streaking of the stem, leaf dropping, wilt¬ 
ing, and early death of the plant. These results agree with those re¬ 
ported by Fernow" (5, table 21 and pL VII) and Blodgett {2), The St. 
Louis strain, used on jimsonw'eed, caused a slight amount of spot and 
streak necrosis at first but soon became masked, though still i)resent 
in virulent form as was showui by transfer back to tobacco. 

STREAK 

Although causing no mottling of Green Mountain potatoes, streak 
produ(*ed mosaic on tomato and Spaulding Rose potato plants, and 
when on tobacco, nightshade, and apple-of-Peru, was not to be dis¬ 
tinguished by symptoms from rugose mosaic. Jimsonweed, immune 
to rugose mosaic, also was immune to streak, and the raising of the 
temperature to C\ inactivated streak in vitro. The inactivating 
effects of pokeweed juice on rugose mosaic were duplicated in tests 
repeated with stn^ak. These inoculation studies suggest that the 
streak virus is v(m\v similar to the virus of rugose mosaic. A tomato 
plant inoculated on February 1027, and used for successful return 
inoculation to potato, wa.s still vigorous on October 17, 1928 (fig. 6). 

TOBACCO SPOT NE(’ROSIS 

Tobacco leaves infected with spot necrosis were kindly supplied 
the writers by James Johnson, of the Wis(‘onsin Agricultural Experi¬ 
ment wStation, and in Maine they produced a disease on greenhouse 
potato and tobacco very similar to rugose mosaic but somew hat more 
virulent and infectious. A second supply from Johnson consisted of 
both tobacco and potato spot necrosis leaves wdiich were used on 
greenhouse tobacco in comparison with inoculum from Maine rugose 
mosaic ])otato. Here the tobacco-leaf inoculum was more infective 
and had a shorter incubation period than the other two inocula. How - 
(»ver, w hen the three newly infected tobacco series were compared by 
inoculating potatoes in the field, the strain received from Johnson in 
the potato leaves w as the only one that gave current-season symptotns, 
and it was less infectious than inoculum from field-grown rugose 
mosaic potato plants. Such effects of host upon infectivity are simi¬ 
lar to those reported by Johnson (P, table III). 

James Johnson stated (5, n, 4), in 1929, that after repeated attempts 
at correlation, he had concluded that his spot necrosis was identical 
with the rugose mosaic of Schultz and Folsom; that is, with the 
rugose mosaic used in the present comparisons, lie also explained 
(.9, p. 2S) that '4n previous literatme from the Wisconsin laboratory 




Figure (i- Bonny Best tomato plant Octolier 17, lli28. months aft4»r infection with potato streak from 
Rpanldinp Hose potato plants and 18 months after back-inoculation to Green Mountain iwtato plants that 
resulted in the death of the plants from streak. This photottraph was taken shortly after a second virus 
also a mosaic, liad spread through the plant, and shortly before the plant succumbed. 
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referring to 'rugose mosaic^ of Triumph potatoes, this name should 
read 'crinkle mosaic//' 

ATTENUATION AND INCREASE IN VIRULENCE 

The idea that a virus may increase in virulence is met many limes 
in the study of mosaics, including those of potato. A tuber-propa¬ 
gated host would seem to be promising material from which to obtain 
evidence. In the writers' experience, an apparent increase in viru¬ 
lence such, for example, as mild mosaic apparently becoming rugose 
mosaic, has occurred chiefly iu proximity to plants already showing 
the more severe disease, under conditions favorable to transmission, or, 
of course, in plants inoculated experimentally with the more virulent 
type of the virus. Isolation in effective insect cages has prevented 
an increase of virulence of mosaic, even in stocks perpetuated for 
about 20 years. 

In greenhouse studies in Maine efforts to increase the virulence of 
latent mosaic until it resembled spot necrosis or rugose mosaic, by 
passage through as many as eight successive series of tobacco plants, 
liave failed to bring about any change from one mosaic to the other. 
The symptoms of both kinds of mosaic vary. Leaf contact is some¬ 
times sufficient to transmit either mosaic. The general tendency in 
virology is toward longer lists of viroses for various hosts and longer 
lists of means of transmission of the respective viroses, so that the 
chance of uncontrolled contamination by a severer type, through an 
unsuspected agency, seems more reasonable than a spontaneous 
sudden increase in virulence. In a discussion of this problem, Johnson 
(.9, pp, 18-21) states tliat “the mottle form from healthy potatoes 
cannot ordinarily be changed to spot necrosis at will,” and points out 
the possibility of accidental transmission of spot necrosis as the cause 
of a sudden increase in virulence. 

Apparent attenuation of a virus often may be reasonably" explained 
on the basis of (1) the elimination of one or more components of a 
composite or multiple virosis, (2) a decrease in the severity of symp¬ 
toms after the first have developed or (3) a decrease in the severity 
of svmptoms with certain changes in environmental conditions or with 
increasing age of the host plant. 

SUMMARY 

l^otato rugose mosaic is a composite mosaic which includes pure 
rugose mosaic, or the vein-banding mosaic, and latent potato mosaic 
A\lien contracted by a partly growm potato or tobacco plant, rugose 
mosaic often afFe(*ts leaves and leaf parts differently according to their 
age; some become necrotic; older ones show’' no symptoms ami younger 
ones develop mottling. Rugose mosaic aggravated a toxic effect of 
potato extract upon tobacco; the effect w^as eliminated by Berkefeld- 
candle filtration. 

Rugose and latent mosaic were studied better on potato, tobacco, 
and jimsonweed than on tomato and several other species of the same 
family; bean w"as immune. 

The most satisfactory method for inoculating potato plants w"as the 
leaf-mutilation method, and the best for inoculating tobacco and 
jimsonweed was a stake-painting method. 
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Extract from greon shoots was more infectious than that from 
colorless sprouts, seed tubers, and roots of rugose mosaic potato plants, 
and was sometimes made less infectious by clarification. 

^Vith rugose mosaic, the age of potato plants or their parts had more 
eflect than the age of tobacco plants in determining the infectiveness 
of their extracts. Dr 3 dng of leaves soon eliminated the infectivity. 

Aging in vitro for several hours progressively increased the infec¬ 
tiousness of rugose mosaic extract; further aging progressively re¬ 
duced it, and under certain conditions the inactivation-point was 
reached in a few days. Infectiveness was inhibited later at low tem¬ 
peratures (5° C.), and later for tobacco than for potato as the in¬ 
oculated host. The latent mosaic virus sometimes resisted aging 
longer than the pure rugose mosaic virus. 

Rugose mosaic extract usually was inactivated when the tempera¬ 
ture was raised to 00° or 65° C., or when the temperature was held for 
10 minutes at 55°, but the thermal death-point varied with the sjx'cies 
involved in the transfer and also with the series even when (‘ondi- 
tions apparently were similar. Pure rugose mosaic acted like the 
composite vims, but the latent component had a higher liniit of 
tolerance. 

Rugose mosaic extract became inactivated at about 1 to 0.1 ])er- 
cent upon dilution with water. Healthy i)otato juice had a slightly 
greater inactivating effect than water. Ijatent mosah* was soniewhat 
more persistent than rugose. J^okeweod juice inactivated rugose 
mosaic extract but not latent mosaic. 

The virulence of rugose mosaic virus was i(»duced considerabl\" but 
not eliminated b^^ filtering the extract tlirough bacteria-retaining 
candles; the latent mosaic virus was affected onlv a little by the process. 
.Veither 80 pounds’ prt'ssure nor clarification re(lu(*('(l the infectiousiiess 
of rugose mosaic extract more than a. slight amount. 

Jjatent mosaic was more resistant to formahhdiyde and a sul]>huri(‘- 
acid cleaning fluid than rugose, but wuis similar in its response to 
other chemicals. The lethal point of H(^l for rugose mosaic varied 
with conditions, wuthin the range of about 0.07 to over 0.5 percent 
To inactivate, the strength of eth^d alcohol had to be greater tlian 
50 percent; of NaCl, about 5 percent; of IKTIO, about 0.5 percent; 
of HCI and NaOJI, about 0.2 percent; and of C’uS ()4 and tlie cleaning 
fluid, about 0.1 percent. 

Preliminary comparisons between mosaics on potato and other 
plants showed that the methods used for these proper!v studies of 
rugose mosaic are unsatisfactory for mild, crinkle, ami leaf-rolling 
mosaics of potato. Tobacco mosaic can infect (Ireeii Mountain 
potato plants. Potato streak and tobacco spot necrosis both resem¬ 
ble rugose mosaic. 

Latent mosaic was not increased in virulence by eight successive 
passages through tobacco plants. 
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RESPONSE OF OAT VARIETIES TO DIFFERENT 
FERTILITY LEVELS ‘ 

By C. A. Lamb^ associate in agronomy^ and Robert M. Salter, agronomist^ 
Ohio Agricultural Experiment Station, 2 

INTRODUCTION 

A 3-year rotation of corn, oats, and winter wheat has been grown 
at four fertility levels at the Ohio Agricultural Experiment Station 
at Wooster. Data were collected for all three crops, and those for 
( orn and winter wheat have been published.*^ The present paper is 
concerned with the oat crop in this rotation. 

The literature has been reviewed in the papers mentioned above, 
and repetition seems unnecessary. Suffice it to say that differential 
response of varieties to fertility level in many of our common crops 
has proved significant, and that this interaction deserves careful 
studv. 

OUTLINE OF EXPERIMENT 

The 3-year rotation of corn, oats, and winter wheat was laid out 
on three fields of Canfield silt loam of low fertility. The higher 
fertility levels were obtained by adding one, two, and four increments 
of fertilizing materials. Actual applications are given in table 1. 
Tlie oats received no direct applications of fertilizers. 

Table 1. —Plot treatments at the 4 fertility levels user! in :H-yenr rotation tests with 
corn, oatSj and muter wheat 


Fertility 

level 


’’I'roatinent used for crop miljrated 


r(»rn 


Oats 


Wheat 


\ 

a. . 


c.. 


t). 


' None --- - - .I Noiic--- 

4 tons manure: lOd pounds u~lfHi ' None., 

broadcafit and J(M) jamuds 4-12-4 t 

I in hill. j 

I 8 tons manure, 2(X) p<tunds (LiO-o None.. . 
{ broadcast ami 2(H» iwunds 4-12-4 ’ 

I in hill ^ 

lit) ton.s manure, 4(K1 pounds 0-ltHi 1 None_ 

I broa<ica.st and 40li pounds 4-12-4 I 

; in hill I 


None. 

' 200 iKiunds 2-14-4 in fall and 50 
t }>ounds nitrate of M)da in sprinij. 

400 pounds 2-14-4 in fall and 100 
j iK>uiids nitrate of soda in spring. 

j 800 pounds 2' 14-4 in fall and 200 
pounds nitrate of soda in spring. 


The four levels were set up on adjacent strips in each field and the 
varieties sown across them. Oats were planted in triplicate; the 
size of plot was 0 % by 35 feet (0.00427 acre). The order of varieties 
in each replication was the same in 1929, random in the other 3 years. 
In all cases each variety was sown in a continuous strip atTOss the 
fertility levels; thus the order of plots Avas identical on each level. 


' Koceived for publication June 1. 1037; issued December 1937 Contribution from the Department of 
Agronomy, Ohio Agricultural EjL{>erlniont Station 

* The writers wish to acknowledge the help of O. H Stringfleld, who, with It. M. Salt4ir, set up the exixjn- 
ment. He selected the varietie.s and collected the data for the early years, and has offered helpful sugges¬ 
tions in the preparation of the manuscript. 

3 STKiNoriiCLP, O. H., and Salter, It. M pifferential response of corn varieties to fertility 
LEVF.L a AND TO .SEASONS. Jour. Agr. Kesoorch 40: 001-RKK), illus. 1»:14, 

Lamh. (\ A., and Salter, It. M. response of wheat varieties to different fertility levels. 
Jour. Agr. Research 53: 120-143, illus. 1035. 
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PRESENTATION OF DATA 


Seventeen varieties of oats were grown for four seasons, 1929 to 
1932, inclusive. Table 2 gives the grain yield, straw yield, and bushel 
weight for each varicty-level-season unit. In figure 1 the average 
performance of all 17 varieties in each season has been plotted. 

TOTAL YIELD PER ACRE(P0UNDS1 



STRAW-GRAIN RATIO 






T\hle 2.— Yield ptr acrr and weight per bushel of 17 varuties of ont^ grown at 4 levels of soil fertility^ 19,39-SJ 
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Plots were cut with an ordinary grain binder, and uniform stubble 
was loft on all levels. For this reason straw yielcls are relatively too 
low on the A level, where there was definitely less vegetative growth. 
The errors introduced by the unharvested stubble at the higher levels 
are of little importance. 

A study of figure 1 shov s that there were marked differences between 
seasons. In 1931 the yields of both grain and straw were high; in 
1932 they were decidedly low. The influence of season must, 
therefore, be considered in interpreting the experiment. Table 3 gives 
meteorological data at Wooster for all four seasons. 


Table 3. —Mean maximum and minimum tempernlures and precipitation for 
Wooiiter, Ohio, during ike growing aeason for oats, 1929-32 


Month __ 


AnnL 
May - 
June 
Jul> - - 
August 


Mean 

maviiiium 

peruture 

loiii- 

Mean minimum tom- ] 
l)oralure 


Preoipitation 


1929 j 

1930 

1931 

1932 

1929 

19:i0 

1931 

1932 

1929 1 

1930 

1931 

1932 

1 1 

oy. 

_ 

o;<< 


ojr 


! 


Inches ' 

Inches 

Inches 

Inches 

0 ; 

64 0 

61 6 

60 0 

40 4 

38 0 

36 2 

0 

6 58 

2 23 

4 10 

2 66 

70. f) ! 

74 3 

70.2 

72 2 

14.8 

48.0 

44 6 

46 4 

4 84 1 

] .69 

4 46 

1 9.3 

79 0 ! 

84 1 

81 2 1 

82 6 

63 0 I 

! 6.1 9 ' 

64.3 i 

56 2 

410: 

2 86 

3 49 i 

3 44 

H3 9 I 

90 4 

89 3 

84 8 

.69 3 

! 67 4 1 

619: 

69 2 1 

6 79 

1 71 

2 97 ' 

3 14 

1 80 3 i 

KO 0 

83 7 1 

8.*} 6 

52 4 

66 1 , 

.69 9 ' 

66 0 ( 

1 26 

2 64 

4 68 

2 01 


In 1929 there \\as a wet, relatively warm spring, followed by a dry 
period during the latter part of May and early June. Summer tern- 
])eratures were not excessive, and rainfall was plentiful after mid- 
June. 

The season of 1930 was somewhat cooler in early spring, and warm 
in summer, l^recipitation was lower in April and early May. Through 
the rest of May and in June and July the weather was very dry. 

In 1931 conditions wore more favorable than in other years. Distri¬ 
bution of rainfall was very satisfactory, and in spite of high tempera¬ 
tures in late June and rfuly oats yielded well. Test weight was low, 
however. 

The temperature in the spring of 1932 was not satisfactory, and pre¬ 
cipitation was low in May and early June. Oats made poor vegeta¬ 
tive growth and gave low yields of grain. 

ANALYSIS OF VARIANCK 

Analysis of variance by the method develoj>ed by Fisher ^ offered a 
satisfactory means of handling the data. To estimate odds for sig¬ 
nificance Snedecor’s F was used. 

Table 4 presents data from the analyses of total yield (grain-j- 
straw) and of grain yield for each season. Variety, level, blo(‘k, and 
the variety-level interaction were considered. Because of the smaller 
area of land in one of the fields, three varieties w ere sow n in only tw o 
blo(*ks in 1930. Calculations were made on the actual data, and 
again w ith estimated vields introduced for the 12 missing plots. The 
theoretical third replication was given the mean yield of the two 
actually grown. Sucli a procedure would be expected to give too low 

* Fishek, R. a. statistical methods for researa'h workers. Kd. 4,302 pf)., illus. Edinburgh and 
liondon, 1U32. 

# .Smedecor. O. W. cautlation and interpretation of variance and covariance. 96 pp. 

Iowa. 1934. (l(»wa State Col.. l)iv, Imlus Sci. Monog. 1.) 
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an estimate of variance, but iu this case it changed the F values very 
little, and the significance not at all. Any error introduced, therefore, 
had no practical importance, and the estimated plot yields were 
used because tlioy permitted the analysis of data for all seasons to¬ 
gether with greater facility. 

Table 4. —Analysis of variance, hy seasonSf of total yield and of grain yield for 17 
varieties of oats grown at 4 fertility levels in 4 seasons 

TOTAL YIELD 


Vuriuiice due to - 


Variely-- - 

Level. 

Block, . . . 

Vanetydevel 

tion. 

Error. 


\"anet>. 

liovel. 

Block. 

Variety-level 

tiou. 

Error. 


Variety. 

T/evel. 

Block. 

Variety-lovel 
1 tion. 

Error. 


( Variety. 

Level. 

Block. 

Variety-level nitcruc- 
tion. 

Error. 


( Variety - . 

Level. 

Block. 

Variety-level 

tion. 

Error.. 


Variety.. 

Level... 

Block. - _ 

(Variety-level interac¬ 
tion. 

Error. .. ... 

Total. 

{ Variety. 

I^evel.-. 

Block.... 

Variety-level interac¬ 
tion. 

Error... 

Total. 


V^ariety.. . 

Level. 

Block. 

Variety-level interae- 
tion. 

Error. 


Do- 




1 r>er- 

5 jjer- 


irrecs 

Sums of 

Vari- 

F 

cent 

cent 


of free- 

squares 

ance 


point 

point 


(lOTIl 




for F ‘ 

for F 1 


Ifi 

642 .54 

40 1.59 

15 25 

2 20 

1 75 


3 

057 59 

219 197 

22 

.3 94 

2 08 

i-13 20 pounds 

2 

102 39 

51.195 

19. 44 

4 78 

3 07 

<r«l 62 pound.s. 

4S 

88 25 

1 839 

.70 

1 80 

1 50 

C V =12 22 peicem 

134 

3.52 94 

2 634 


. 

. 


203 

1,84,3.71 

__ 


— 

_ - 


16 

915 IS 

.57.199 

"14~22 

*~-"2'20 

i Til 


3 

1,594 80 

.5.B 600 

132 17 

.3 94 

2 08 

f-13 .54 poiiiKi^ 

2 

43 70 

21 880 

5 44 

4 78 

3 07 

0^=2 01 pounds. 

48 

121 95 

2. .541 

.63 

1 80 

1 .50 

C. V. = 14 84 pel coni 

134 

538 91 

4 022 

--- 




2(tt 

3,214 60 

. 

_ 




To 

~s2irTi 

51 421 

5 29 

" 2'20 

1 75 


3 

5, 153 2:1 

1,717 743 

176 56 

3 94 

2 68 

J = lt» 06 pounds 

2 

32 32 

16 160 

1 Wi 

4 78 

3 07 

<y-^3 12 pounds. 

48 

579 69 

12 077 

1.24 

1 80 

1 50 

(' V.■= 1,5 H7 percent 

134 

1, .303. 6.8 

9 729 

.. . . 




203 

7,891 66 



_ 



10 

' 134 92 

8 433 

ll.Ol 

2 20 

n?) 


3 

399 95 

133 317 

18K 30 

3 94 

2 68 

r-8 42 pounds 

2 

54 4.3 

27 215 

38 44 

4 78 

3 07 

<7=^ 84 pounds 

4K 

21. 55 

. 149 

63 

1 80 

1 50 

(' V -9 9S perccni 

131 

94 90 

708 





! 203 

* 70.5 75 

. 


1 _ 




GRAIN YIELD 




10 

3,801.01 

211 313 

11 91 

! 2 20 

1 751 

i 

3 

4,059 KOT,.5,53 267 

76 69 

1 3 94 

2 68 

! f^-39 5.5 hushoK 

2 

1,40.1 19 

701 .59.5 

31 64 

4 78 

3 07! 

1 or«^4 50 bushels 

48 

8,31 37 

17 .3.8.3 

86 

1 1 80 

15o; 

1 (’ V =r-11 us percent 

134; 

2,714 14 

20 255 


1 

, , 

1 

2o:il 

l.i.472 51 

_ 




I 

" ~ Vol 

0,45i. 40 

403 216 

’ IS 89 

1 “Tie’ll 

J' '7.5 


3I1L220.4I 

3,741 8(« 

175 30 

! 3 94 

2 68 

1 r^41 94 bushels 

2 

325 05 

J62 .525 

7.01 

i 4 78 

3 071 

1 a = 4 62 bushels, 

48 

439 09| 

9 148 

.43 

1 80 

1 50, 

C \\= 11.02 per-en!. 

134 

2.860 2Hi 

21.;i45 





2(W 21,301 29| 


. - 


. 


16 

“'2, 466 25! 

154 UT 

2 71 

2 ^1 

1 75 


3 

23,822 65 7,940 883 

139 37 

3 94 

2 68 

i=6.3 18 bushels 

2 

266 39 

133 195 

2 34 

4 78 

3 07 

ff*7..55 bushels. 

48 

3,870. 02 

80 625 

1. 42 

1 80 

1.50 

C\ V^=«'U 89 percent. 

134 

7,034 01 

56 975 





20.3 38,0.59 92 

_ • 




i 

10 

tl47 08 

40 443 

9 92 

* ^'2 20 

j:7.5 

1 

1 

3 

1,495 39 

498.463 

122 29 

3 94 

2 68 

f “24,91 bushels. 

2 

591 88 

295 940 

72 01 

4 78 

3 07 

<r«2.02 bushels. 

48 

263 94 

5.499 

1 35 

1 80 

1. .50 

C. V.<«8 11 iHiroent. 

134 

546 12 

4 076 


:.1 


1 

_ 2(W 

3. .544 41 

-- - - 



I 

1 


' Approximate values. 
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Total yield represents the total top growth, independent of how 
nuieh of the material moves into the developing kernels. Grain yield, 
on the other hand, measures particularly the translocation of elab¬ 
orated plant food into the developing embryo and endosperm. A 
general comparison of the two parts of table 4 indicates that after 
variance is removed for the factors considered, residual error is 
greater for total than for grain yields. This is measured by the co¬ 
efficient of variability (C. V.), since the standard deviation (<r) has been 
estimated from the variance for error. This is surprising, since the 
filling of the grain follows the virtual completion of vegetative growth, 
and grain jdelds, therefore, would be expected to show greater varia¬ 
bility because of the additional physiological processes involved. 

A second unexpected reaction appears in com])aring the 1931 results 
witli those of other years. This was the season wlien oats gave their 
higl)(*st yields in ])oth straw and grain, but the coefficients of variability 
for both total yields and grain yields were the largest obtained because 
of tiie large variamu^ for error. (Amversely, the yields and coefficients 
were both lowest in 1932. This imjdies that factors introducing varia¬ 
bility other than variety, level, and the interaction of these two, be¬ 
come increasingly imjiortant as the season is more favorable, and the 
yields are higher. 

DitTerences among varieties were highly significant in all cases, but 
the F values were decidedly lower in 1931. This does not necessarily 
indicate that the spread among varieties was greater witli the more 
adverse seasonal conditions. The greater unaccounted-for error in 
1931 is largely res[)onsible for tlie lower signifuaince in that year. 

Fertility was a very important factor because of the wide range be¬ 
tween th(' A level and the 1) level. The spread among the difierent 
treatments, however, varied with season as was to be expected. 
Ijcaching, ])reci])itation, and temperature pndiably all jilayed imjiort- 
ant roles, espe(‘ially since the oats crop received no direct applications 
of fertilizer. 

A conijiarison of the variance for variety with the varietal means, for 
grain and for total yields, may be made by considering the ratio 


\ Variance due to variety^ 
Mean varietal yield 


In all four seasons this ratio is greater for 


total than for grain yields. In 1929 it is 1.22 times; in 1930, 1.17 
times; in 1931, 1.S7; and in 1932, 1.33 times as great. 

For optimum development oats recpiire a cool, moist season. The 
Ohio climate is by no means ideal for them. It may be that the rela¬ 
tively cool weather before heading is favorable enough that the in¬ 
herent diff('ren(‘es between varieties can find expression in the vegeta¬ 
tive growth, whereas the hot weather following heading is so unfavor¬ 
able that varietal response in tlie grain yields is inhibited in some 
degree. 

The variety-level interaction is one of the most important points 
studied. In no single season did it prove mathematically significant, 
though in 1931 the F value approaches the 5-percent point closely, 
especially for the grain yields. There is a more nearly significant 
interaction for grain than for total yields in 3 of the 4 years, indicating 
a possible differential response in the reproductive phases greater than 
in purely vegetative growth. The evidence for this, however, is far 
from conclusive. 
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Definite indication of differences between blocks was found, espe¬ 
cially on that field used in 1929 and 1932. In fact, in most cases the 
variety-block interaction was significant and, strangely enough, in all 
instances except for grain in 1931, this interaction was more signifi¬ 
cant than that of variety-level. This represents a serious error in the 
experiment, which, however, cannot be justifiably removed, since it 
represents an uncontrolled and largely indeterminate factor. It is 
probably much less important as a source of error in the analyses 
presented in table 5, where all seasons are taken together. Since 
three fields were used, variance for block could not be removed 
directly, and the total yield of the three replicates was used as the 
starting point for this anay^is. 

Table Armlysis of variance for total yield and grain yield of 17 varieties of 
oats grown at levels of soil fertility during 4 seasons 

TOTAL YIELD 


X^ariuiK-t! due to— 

J >egrees 
of free¬ 
dom 

Sums of 
stpiares 

Variance 

F 

1-imr- 
cent 
point 
/()r F 1 

.5-per¬ 
cent 
iwint 
for F ‘ 


Variety. 

Level.-. 

Season.. . 

Variety-level interaction 
Variety-season interac¬ 
tion. 

Level-season interaction 
Error^ .. 

ir» 

3 

3 

4H 

48 

144 

5. fill. 10 
Ifi, 203.13 
;18,933 07 
fi92. 99 

1,935.05 

7,15.3 55 

1, 741.33 

350 594 
5,421.043 
12,977.690 
14 437 
40 314 

794.830 
12 093 

20.00 
448 28 
1,073. 10 

1 19 

3 33 

65 73 

2.12 

3 91 

3 91 
1,75 

1 75 

2 63 

1 70 

2 66 

2 66 

1 40 
1.40 

2.00 1 

f“13 72 pounds. 

IT- 1 16 pounds 
(\ V.“8 4.“) iK*rcent 






Total. i 

271 i 

72,330 22 














OK AIN YIELD 




V’ariety. 

1« 

21, 9(57 39 

1 

! I,37'2,9fi2 

i 14 64 1 

2 12 1 

i 1 70 


Level.—. 

3 

81,874 57 

127.291.523 i 

i 291 07 1 

3 91 

2 66 1 

1 

Season. . 

3 

404.226.48 { 

1154,742 160 

11,650 35 

i 3 91 ! 

' 2 66 i 

i'=»42 17 bu.sheli> 

Variety-level in teraction 

48 

2. 720 43 i 

1 56 676 

1 60 ! 

1.75 i 

1 40 

ir“3 23 t)U‘'hels 

V.-ine ty-season i n t erac- 
tion 

Level-season interaction- 

48 

18,310.02 1 

381 459 

4.07 1 

I 75 I 

J 

1.40 

V. «.-7 60 percent 

9 

41,735 19 1 

4.637 243 

49.46 


2 00 


Error... 

144 

13, 501 81 

93,763 

. 

2 63 1 

.i 


Total... 

271 

_1 

644,335 89 j 

1 

- - -- 


i 

{ 

J 

- -- 1 



> Approxiniafe values. 


Without question varieties differed in yielding ability, and the vari¬ 
ance due to levels was large, but neither of these factors exerted as 
much influence as season. The variety-level interaction was not 
mathematically significant in any case. However, when variety- 
block and level-block variance was removed from error, this inter¬ 
action reached the level of significance in one season in the case of 
total yields, and in three seasons in the case of grain yields. Never¬ 
theless when all seasons were considered together, no significant 
variety-level interaction was found. This was in marked contrast 
to the wheat crop in the rotation, where, in the corresponding analy¬ 
sis, odds exceeded 99:1 for total yields, and approached the 1-percent 
point for grain yields. 

Consideration of the data from all analyses indicates that for oats 
the variety-level interaction is of questionable significance mathe¬ 
matically, and the actual yield differences involved are of no practical 
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significance. It therefore appears safe to apply variety-test results 
obtained at Wooster to rather divergent soil-fertility conditions, 
since the unaccounted-for errors are relatively low. 

SUMMARY AND CONCLUSIONS 

A 3-yoar rotation of corn, oats, and winter wheat has been grown at 
four fertility levels at the Ohio Agricultural Experiment Station. 
Oats alone are considered in this paper. 

Data on grain yield, straw yield, and weight per bushel are given 
for 17 varieties of oats, all grown for four seasons. 

Climatological data covering the period of the experiment are in¬ 
cluded. 

Analysis of variance for total yield and for grain yield, by individual 
seasons, and all seasons together, indicates that differences due to 
variety, to level, and to season are all highly significant. The variety- 
season interaction is highly significant, but the variety-level inter¬ 
action is probably not significant. 

rnaccounted-for erroi*, as measured by the coefficient of variability, 
is less for grain than for total yield. This is unexpected, and may be 
due to the wide divergence of climate from the ideal for the crop. 

llecause the variety-level interaction is of questionable significance, 
and at the same time the unaccounted-for errors are low, it appears 
safe to apply results of a variety oat experiment at Wooster, Ohio, 
to a rather wide range of soil conditions. 

o 
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SOME EFFECTS OF STORAGE CONDITIONS flJfOBRTAIN 
DISEASES OF LEMONS ‘ 

i^y Charles Brooks, principal fiathologUty and Lacy P. McColloch, principal 

scientific aide. Division of Fiuit and Vegetable Crops and Diseases, Bureau of 

Plant Industry, United States Department of Agriculture 

INTRODUCTION 

The presence of carbon dioxide in a lemon-storaji;e room is quite 
generally regarded as harmful. Many rooms are operated under 
instructions that th(‘ carbon dioxide in the atmosphere must be kept 
below 0.5 percent. 

Low temperature is known to be harmful to lemons, and exposure 
to temperatures below 50® F., even during a shipping period of I or 
2 weeks, is usually carefully avoided 

The ])resent study wuis undertaken to obtain more definite informa¬ 
tion in regard to the carbon dioxide and low-teinjicrature tolerance 
of lemons {(^itrus lunonia Osbeck) and the nature of the injuries result¬ 
ing from unfavorable storage conditions. 

In the course of the experiments several different diseases developed, 
and in most cases the frequency of their ocnirrence wuis modified 
by the storage treatment. 

MATERIALS AND METHODS 

The lemons used in the experiments were forwarded under \entila- 
tion in carlot shipments from Los Angeles, Calif.to New^ York City 
and were then shipped by ordinary express to Washington, D. CL 
They were hauled to the Arlington iCxperiment Farm, Arlington, Va., 
and the experiments were started there within a day from the time of 
arrival in Washington. 

The term ^‘green lemons'^ is used for fruit that at the time of ship¬ 
ment was (lark grevri in color with only very slight traces of yellow, 
the term ‘^silver lemons'' for fruit that was turning from gn^en to 
yellows and the term ‘inatur(> lemons" for fruit that was bright yellow^ 
and of proper maturity for trnmediate marketing. At the time the 
experimental treatments w ere begun, the green and silver lemons had 
slightly too much yellow to bo typical for the terms applied. 

In the earlier experiments, 20 to 30 lemons of a particular maturity 
were used under each storage condition. In the later experiments, 
this number was increased to 50 or 00 lemons for most of the tests. 
The lemons w^re selected individually, and great care was taken that 
the different lots should be alike in maturity, firmness, and general 
appearance. 

It was intended that the relative humidity of the storage rooms 
should be maintained at about 88 percent; but it sometimes fell 

J Received for publication I>ec 30,1936 isMied February 1937 

* The writers are indebted to O W Mann, of the Oivision of Flint and Vegetable Crops and Diseases, 
for the selection and shipment of the fruit. 
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several points below this for short periods, especially in the 60® F. 
room. All records of temperature are reported in degrees Fahrenheit. 

In part of the carbon dioxide experiments the lemons were held in 
5-gallon jars during the period of treatment. In some cases the 
desired atmosphere was maintained by continuous renewal with air 
to which carbon dioxide had been added bv means of flowmeters. In 
other cases the carbon dioxide was built up by means of the respiration 
of the lemons. In the latter tests a fair degree of uniformity was 
secured by occasional anal 3 ^ses and the regulation of a small opening 
in the container. In other tests a high percentage of carbon dioxide 
was maintained for short periods by the use of soUd carbon dioxide 
as a supplement to ordinary ice in pony refrigerators. In these 
experiments both the carbon dioxide and the temperature were lower 
at the end of the treatment than at the beginning. 

The waxes used in the experiments were prepared by mixing paraflin 
and mineral oil in approximately equal proportions. In some cases 
beeswax was substituted for part of the paraflin. There was no 
indication that the results were affected by modifications in the for¬ 
mula for the w^ax. 

DECAY 

CHARACTERISTICS 

The most common form of decay was that caused by AUernarta 
citri Pierce. Much of this decay was of the “center^^ type, the central 
axis or core of the lemon becoming black and soft, with little external 
evidence of the disease, as is shown in figure 1, /I, In other cases the 
entire lemon became black and soft, the decay usuallj’^ starting at the 
button and moving toward the stylar end (fig. 1, li). 

Penicillnm digilaium Sacc. was a close second to Alternaria as a 
cause of decay, and P, italicum Wehmer was of somewdiat less common 
occurrence. The type of decay produced b^^ the last-named is shown 
in figure 1, C. 

EFFECT OF TEMPERATURE 

During the first fi to 8 weeks of storage there was greater develop¬ 
ment of decay at the liigher than at the low er temperatures. This w^as 
especially true of alternaria decay. When the storage period was 
prolonged to 10 wrecks or more there was sometimes more decay at 
32® and 36® F. than at any of the higher temperatures, especially 
with fruit that had been stored at the green or the silver stage of 
maturity. This greater decay at the lower temperatures w^as largely 
due to one or the other of the Penicillium si>ecies and was apparently 
the result of a prior development of pitting, w^atery break-down, or 
other low-temperature trouble that gave the decay organisms favorable 
points of entrance. 

In lemons that W’^erc held 1 or 2 weeks at 32®, 36®, or 40® F. before 
being stored at 50® or 60® there was in general but slightly less decay 
than in the fruit held continuously at the liigher temperature, especially 
after long periods of storage. 

EFFECT OF CARBON DIOXIDE AND WAXING 

It was pointed out in an earlier publication ^ that carbon dioxide 
has a decidedly inhibiting effect on penicillium decay of oranges and 

» Brooks, C., Beatley, C. O., and McCou.ocir, L. P. transit and storage diseases of fruits and 

VEGETABLES AS AFFECTED BY INITIAL CARBON DIOXIDE TREATMENTS. U. S. Dept. Agt. Tech. Bull. 519, 
24pp.,iattS. 1936. 
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grapefruit. In the present experiments the effect of carbon dioxide 
was tested on lemons that had been inoculated with Alternaria citri 
The development of this decay was slow under all conditions, but the 
progress was apparently as great in an atmosphere containing 40 
percent of carbon dioxide as in one that was practically free frona 
carbon dioxide. 

A record of decay was kept in all the carbon dioxide and waxing 
experiments that are reported in detail under pitting and membranous 
stain. The results gave no indication that cither waxing or continuous 
exposure to low percentages of carbon dioxide (10 percent or less) had 
any significant effect upon the percentage of either penicilliurn or 
alternaria decay at the end of long storage periods. 

Lemons that were held in tight containers for long-period carbon 
dioxide treatments or as controls for these treatments developed more 
decay in some instances than the fruit that was held in commercial 
packages at the same temperature. This difrerence was apparently 
due to a higher humidity in the tight containers. Fawcett, Klotz, 
and Nixon * have reported experiments in which alternaria decay 
was reduced by air conditioning. 

PITTING AND PKTKC'A 

CHARACTEUISTirs 

Pitting, as the name implies, is characterize.d by flic development 
ol pits or depressions in the rind of the fruit,"* as shown in ligure 2, A 
and B. In the present experiments it took various forms, its chara<’- 
teristics as well as its prevalence varying with the treatment and 
apparently with the maturity and vitality of the fruit. In many 
cases the color of the rind in the pitted area remained normal or nearly 
so; in other cases it became light brown or a dark brown approaching 
black. 

The pits were usually as much as 0.2 inch in diameter and often 
more than 0.5 inch, but under certain storage conditions a smalh'r 
and shallower type prevailed, giving the lemons a somewhat spe(*kled 
appearance, as shown in figure 2, ( 7 . This type was particularly 
common in 36° storage. 

Peteca resembles pitting, but the surface of the peel is relatively 
slow in losing its color and in the early stages the oil glands are darker 
than the surrounding tissue. ^ This is shown in figure 2, IJ. 

EFFECT OF TEMPERATURE 

The effect of temperature upon the development of pitting and 
pcteca is shown in figures 3 to 9, inclusive. Pitting did not occur in 
storage at 60° F. It was usually absent and never of importance with 
either peen or mature lemons field at 50°, but in a few instances the 
silver lemons developed the disease in 50° storage. At 32°, 36°, 
and 40° the lemons were often badly pitted, especially when held in 
storage more than 8 to 10 weeks. After the lemons had been 8 weeks 
or more in storage the disease was much worse at 32° and 36° than 
at 40°, and with green lemons it was usually worse at 36° than at 32°. 
These contrasting temperature effects did not disappear when the 

* Fawcett, H. 8., Klotz, L. J., and Nixon, H. W. effects op htoraciE and hoi-dincj condition.s on 
ALTEENAKIA IN LEMONS. C3alif. Citrogr. 21: 118,143-144. 1936. 

« FAWCEtT, H. S., and Lke, H. A. citrus dlseases and their control. New York. 1926. lAlso cd 
2, foy FEWcett. 1936.] 
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fruit was held at room temperature for a week after removal from 
storage; in fact, they were usually somewhat emphasized by such 
holding. The pits developed at 40° were often darker than those 
at 32°. Tliis may have been due to greater aging, greater oxidation, 
or perhaps to some other cause. 



FIGURE 2 Fitting JUKI peieca: A, lAMium showing deep pitting, the usual tyi>e in sloragc ut 32^^ and 40® F , 
B, pitting on a green lemon that was held at 36° for 13 weeks; f\ lemon show ing shallow pitting, the most 
conunon tyiw in storage at 36°, and also one deep pit; J). i»eteea on lemon, as found after shipment from 
California to Wiushington, D. C. 

Green, silver, and mature lemons that were held at 32°, 36°, or 
40° F. for 1 or 2 weeks and were then stored at 60° remained free from 
pitting. Lemons similarly held at 32° and stored at 60° remained as 
free from pitting on the average as those held continuously at 50°. 
Lemons similarly held at 36° or 40° before being stored at 50° allowed 
a slight increase in pitting in some instances, as compared with those 
held continuously at 50°. There was little to indicate that holding 
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GREEN LEMONS STORED AT- 



Fiourk 3 —Effect of storage condil Ions on pitt iiig, i>eteca, and ineiiihranous slain. Green and sil\ er lemons 
stored at various temperatures No\emtHir 2S. 1933; record made 14 weeks later. In the lots receiving CO* 
before storage, the fruit was hold for <>4 hours in an atmosphere in wdnch the caibon dioxide dropiH?<l from 
60 tiercent to 30 percent and avoiaged 36 percent and in which tlie leniperatiire <lropjMHl from to F 
and uveiage*! -W’. 
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Figure 4.—Kffect of storage conditions on pitting, peteca, and membranous stain. Green and silver 
lemons stored at various temiieratures March 20, 1934; record made 12 weeks later. In the lots receiving 
(^02 tiefore storage the fruit w’as held for 48 hours at 69® F. in an atmosphere in which the carbon dioxide 
was maintained at 50 percent by continuous air renewal. 
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GREEN TO SILVER LEMONS STORED AT - 



PITTING (PERCENT) MEMBRANOUS STAIN (PERCENT) 

MEOIUM OR BAD ■■ SLIGHT CZD 

Fw.uhk r> —KlTeet of storage coiulilions on pitting and membranous slam (no pctcca developed) of lemons 
stored at various temperatures .lune 2H, 1934 Part of the lemons >\ere about halfway between the Rreen 
and silver s(ap:es in maturity and the others weie fully mature, recopl made after 12 weeks' slorajre a. 
Lemons in a pony refrigerator w'lth the teinjierature dropping from 73'' to 49“ F. in 42 hours and averaging 
.M®, and the earbon dioxide dropping fi tmi 59 t)ercH‘nt to H(i tTcreent and aveiaging 4h i><*reent, U, temiTcraiure 
MS above, but the carbon dioxide dropping from 33 i»eiceiit to 14 percent and n\ eraging 22 percent; c, con* 
liols, with no earbon dioxide. 


ORELN lemons STORED AT ~ 



Fku’Re 6.-- Effect of storage conditions on pitting, xieteca, and membranous stain. (Irei'n and silver lemons 
stored at various temperatures January 23.1935; record made 15 weeks later. In the lots exiiosed to CO 2 
the gas was built up by the respiration of the lemons aiid the treatments were continued during the first 
5 weeks of storage. 
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the fruit at a lower temperature for 1 or 2 weeks, or even 4 weeks, 
produced any decided tendency to pitting. 

In the experiments reported in figure 3, fruit that was held at 100° F. 
for 21 hours before being stored had slightly less pitting than the 
control fruit, but the difference could hardly be regarded as significant. 

There seemed to be little evidence that the development of peteea 
was inodilied by temperature conditions. Its erratic occurrence with 
some lots of fruit seemed to indicate that its prevalence was largely 
determined by prestorage conditions. 


GREEN LEMONS STORED AT- 



Fjourk 7' Effect ofstorajje conditions on pitting, peteea, anti rnembrunous stain of lemons stored at various 
tempieratures June 26, 198/i. The carbon dioxide treatments were continued during the first 3 weeks of 
storage. The record on the silver and mature lemons was after 9 w'tieks* stoiage, that on the green lemons 
after 14 weeks’ storage. 


EFFECT OF CARBON DIOXIDE 

In several of the experiments lemons were exposed to high percent¬ 
ages of carbon dioxide for a period of 2 or 3 days before bein^ placed 
in storage. The results are showm in figures 3 to 5, inclusive, lii 
four tests with green lemons, four with silver lemons, and two with 
mature lemons, pitting w'as decreased by this prestorage gas treat¬ 
ment, and there was no instance in w’tich it was increased. The 
decreases were slight in some cases, but in others they ran as high as 20, 
40, and 60 percent. 

In other experiments the lemons were held for several weeks in 
atmospheres containing 2 or 10 percent of carbon dioxide. In some 
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Fu«tTRK 9.~~ Effect of slorage conditions on pit ting, ))eteca, and membranous stam of lemons stored at various 
temperatures May 12,1930; record made 14 weeks later. The carbon dioxide treatments w'ero continued 
during the first 4 weeks of storage. 
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of these tests the carbon dioxide was built up by the respiration of the 
fruit, and in others it was obtained by continuous renewal with an 
atmosphere to which carbon dioxide had been added. The results 
are shown in figures 5 to 9, inclusive. 

In the experiment reported in figure 5, lemons were held at 50° F. 
in 10 i)ercent of carbon dioxide for 10 weeks without the development 
of pitting, but neither was there pitting in the control lot in the open. 

In the experiments reported in figure 6, the fruit was held at 32° 
and at 40° F. during 6 weeks' exposure to an atmosphere containing 
10 percent of carbon dioxide. No control lot was held at these 
temperatures for the same length of time as the treated fruit, and it is 
therefore impossible to draw definite conclusions. There is some 
indication that the carbon-dioxide treatments caused a decided de¬ 
crease in the pitting of green lemons but possibly a slight increase in 
the pitting of silver lemons. 

The experiments reported in figure 7 were carried out at 40° and 
50° F., and those reported in figures S and 9 at 50° and 60°. In all 
cases control lots were held in similar confinement but in atmospheres 
that were free from any accumulation of carbon dioxide. In the 
experiments of figure 7 the carbon-dioxide treatments were continued 
for 3 weeks and in the experiments of figures 8 and 9 for 4 weeks. 

In a total of 24 experiments in which the fruit was exposed to 10 
percent of carbon dioxide and in 10 experiments in which it was ex¬ 
posed to approximately 2 percent, there were 30 instances in which 
no pitting developed on either treated or control fruit. In the experi¬ 
ments in which the fruit was exposed to 10 percent of carbon dioxide 
there were three instances in which there was more pitting on the 
control fruit than on the treated lot and but one instance in which the 
reverse condition held. The results do not give any indication that 
exposure to low percentages of carbon dioxide had any tendency to 
cause pitting. 

In the 34 carbon-dioxide tests mentioned above there were 4 in¬ 
stances in which peteca occurred and in 3 of these it was worse on the 
treated than on the control fruit. If peteca is to be considered a form 
of pitting, this record just balances the favorable contrast reported 
above, leaving the effect of low percentages of carbon dioxide null. 

EFFECT OF OILED WRAPPERS AND WAXINO 

Lemons that were waxed and those that were packed in heavily 
oiled wrappers developed less pitting than those stored without these 
treatments. This is shown in figures 3 to 9, inclusive. When com¬ 
pared with the controls, the treated fruit showed approximately three 
times as ma^ instances of a definite decrease as of a definite increase 
in pitting. The results indicate a similar or even greater decrease in 
the peteca form of pitting on the fruit that received an oiling or waxing 
treatment. 

RED BLOTCH 

Ked blotch, or adustiosis, is a peel defect that is much shallower 
and more diffuse than pitting, although in some instances it seems to 
shade gradually into the milder or shallower type of pitting (p. 798). 
The diseased area is reddish brown in color, and in early and marginal 
stages of the disease it appears to be made up of an aggregation of 
small brown dots, but later a more continuous browning develops. 
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In the present experiments red blotch has been of relatively rare 
and rather erratic occurrence. It was not found on lemons that were 
mature when placed in storage and was far more common on green 
than on silver mmons. It was found almost exclusively on fruit stored 
at 36° or 40° F., with an occasional occurrence at 82° and 50° but 
never at 60°. 

Either by chance or otherwise, the lots that were exposed to carbon 
dioxide remained entirely free of the disease. Fruit that was waxed or 
held in heavily oiled wrap¬ 
pers developed as much 
red blotch as tlie controls. 


MEMBRANOUS STAIN 

OHAUACTERISTICS 

Membranous stain, or 
membranosis, is charac¬ 
terized by a browning or 
darkening of the mem¬ 
branes or carpellary walls 
l)etween the segmen ts. 
This condition is shown in 
figure 10. The central 
core tissues and the inner 
tissues of the rind are also 
SOInetimes jiffected. TUo 
disease can be detected 
only when the lemons are 
cut. 

Membranous stain, es¬ 
pecially in its milder forms, 
was by far the most preva¬ 
lent disease found in the 
present experiments. The 
record of its occurrence is 
shown in figures 3 to 0, 
inclusive. 



Figure 10.—Membranous stain as seen in longituUinal section 
of a Silver lemon that was held 13 weeks at 40° F, 


EFFECT OF TEMPERATURE 

Membranous stain showed an extreme response to temperature. 
Lemons stored at 32° F. usually remained practically free from the 
disease; whereas those held at 40° usually were seriously affected, in 
many cases but little of the fruit remainiiig free. In the few tests in 
which the fruit was held at 31° or 34° the results were similar to those 
at 32°. There was much less membranous stain at both 36° and 50° 
than at 40° and far less at 60° than at 36° or 50°, yet the amount of 
stain at 60° was much greater than at 32°. 

In most of the experiments the lemons were held at 70° F. for a 
week after removal from storage. Membranous stain did not increase 
during this period. Tliis fact would seem to prove that the elimina¬ 
tion of the disease at 32° was permanent and not due to any tempo¬ 
ral inhibition of oxidation or related processes. 

The extreme temperature response of membranous stain and its 
sharp divergence from that of pitting make an interesting background 
for speculation as to the fundamental causes of the two diseases. 
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With fruit that was moved from one temperature to another the 
development of membranous stain seemed in general to be in accord 
with the relative periods at the two temperatures. Fruit held at 32® F. 
for 1 or 2 weeks before being stored at 50® or 60® usually developed 
less membranous stain than that held continuously at the higher 
temperatures, and fruit held at 40® for 1 or 2 weeks before being 
stored at 50® or 60® usually had more stiiiii than that hehJ continuously 
at the higher temperatures. 

In the experiments reported in figure 3, green and silver lemons 
that were held at 100® F. for 21 hours before being stored at 40® 
<leveloped less membranous stain than those that were placed imme¬ 
diately at 40®. 

* EFFEC'T OF CARBON DIOXIDE 

Increasing the carbon dioxide content of the storage atmosphere 
decreased the occurrence of membranous stain. 

In the experiments in which the lemons were exposed to a high 
percentage of carbon dioxide for 2 or 3 days before being stored 
(figs. 3-5) there were 10 instances in which there was more mem¬ 
branous stain ill the controls than in the treated fruit and 5 instances 
in which the reverse was true. In two lots stored at 32® F. the 
treated lemons had more of the disease than the controls. At this 
temperature both the treated and control lots remained remarkably 
free from membranous stain. 

With fruit held for several weeks in constantly renewed atrnosplien^s 
to which 10 percent of carbon dioxide had been addenl (figs. 7 0) there 
were 12 instances in which membranous stain was greater on the cont rol 
fruit and 2 instances in which it was greater on the treated fruit. 

Experiments were made in which the carbon dioxide from respira¬ 
tion was allowed to accumulate in tjie storage chamber. In 11 of 
these experiments the carbon dioxide was held at approximately JO 
percent and in 12 it was held at 2 to 3 percent (figs. 6 9). There were 
more instances in which the membranous stain in the control fruit ex¬ 
ceeded that in the treated fruit than there were of the reverse condition. 

The results indicate that the presence of carbon dioxide in the 
storage atmosphere is beneficial rather than harmful so far as mem¬ 
branous stain is concerned. The favorable effect of exposure to 
carbon dioxide, together with the favorable efl’ect of low temperature, 
would suggest the possibility that the control in both cases is due to 
suppression of oxidation. 

The lack of harmful efl’ects from exposure to carbon dioxide does 
not prove that some form of ventilation or air circulation may not 
be beneficial. There may be other respiratory products that accu¬ 
mulate to a harmful degree. A comparison of the fruit that was 
confined, either for carbon dioxide treatment or as controls, with that 
held in the open (figs. 5-*9) shows that there were a few more instances 
of membranous stain on the confined fruit exceeding that on the 
fruit in the open than there were of the reverse condition; but the 
contrast is hardly great enough to suggest a practical significance. 

EFFECT OF OILED WRAPPERS AND WAXING 

Waxing the lemons tended to decrease the development of membra¬ 
nous stain (figs. 3, 4, 6-9), At 32® and 60® F. little membranosis 
developed on either treated or control lots. When compared with 
the controls, the treated fruit showed approximately four times as 
many instances of a distinct decrease as of a distinct increase in 
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membranous stain at 40® and 50°. The few experiments with heavily 
oiled wrappers gave results that were favorable rather than otherwise. 

Waxing and the use of heavily oiled wrappers would be expected to 
increase the carbon dioxide and decrease the oxygen content of the 
internal atmosphere of the fruit, and it is possible that their favorable 
effect is to be explained on the same basis as that of the carbon dioxide 
treatments. 

WATERY BREAK-DOWN 

CHARACTERISTICS 

In low-temperature storage the lemons sometimes became water- 
soaked, soft, and spongy, as if frozen. Both the peel and the pulp were 
usually involved. The term ^^watery break-down'^ is suggested for this 
diseased condition. A similar disease has been reported in grapefruit.^’ 

STORAGE RESPONSE 

The disease was coniined to lemons held for long periods in storage 
at 31° or 32° F. In some cases 25 percent or mon'* of th(‘. fruit was 
alfected at the time of removal and there was usually an (‘qual or higlu'r 
IxTcentago of llie fruit that became watery when 1h‘1(1 for a few days 
after removal. (Ireen lemons remained relatively free of the di.seas(', 
but silver and mature lemons became badly alfer ted. Lemons that 
were exposed to high tempc’raturo or to high pen^entages of carbon 
<lioxide before Ix'ing stored at 32° had far more of th(‘ disease than 
(hose that did not re(*eive these treatments. 

VV^atery l)reak-down is evidently a low-(<‘mpera(ur(* suffocation 
(vpe of disease. 

SCALD 

The term ^^scald" is sometimes used for injuries resulting from 
chemical treatments or exposure to high temperature. In the present 
(‘xperiments scaldlike injuries were occasionally found in low-tempera¬ 
ture storage. With green lemons, the diseases was characterized by a 
general disappearance of the green color and a slight depression of Uje 
affected peel. With silver and mature lemons no depression was 
evident, and the diseased condition was indicated by a color change' 
of the peel from normal yellow to a honey ycdlow’ or cinnamon buff.^ 
The trouble was sometimes associated with watery break-down and 
is probably closely related to that disease, yet no instance was ob¬ 
served ill which one disease developed into the other. 

INTERNAL DECLINE 

Internal dc'cline, or endoxerosis, was found occasionally in the 
present experiments, but wdth little if any reference to storage condi¬ 
tions. The disease is characterized by a breaking dowm and drying 
of the internal tissue, particularly that near the stylar end. 

FIRMNESS AND COLOR 

Notes were taken on the effects of the different treatments upon 
the color and firmness of the fruit, and the results were recorded as 
percentages. Lemons showing ideal firmness w^ere given a rating of 
100 and softer lemons a lower rating. Fruit that had the most desir¬ 
able color for immediate marketing was rated at 100; that w^hich was 

^Brooks, C., and McCou.or.H, L. P. some stokaok wskases ok grapefruit. Jour. Agr. Research 
52: 31^1, illus. 1936. 

^RmawAY, R. color standards and color nomenclature. 43 pp., illus. W’^ashlngton, D. C iwi2 



808 


Vol 56, no. 11 


Journal of Agricultural Research 


greener was given a lower rating and that which had too much brown 
in the yellow was given a higher rating. The results from two of the 
experiments are shown in figures 11 and 12. The results from the 
other experiments were in general agreement with these but showed 
slightly loss contrast. 


CRttlSI LEMONS STORED AT — 



riRMNLSS (PERCENT) COLOR (PERCENT) 

FUiUKK 11. KlToi'l of storage ct^nditioiis upon tho firnmess and color of lemons. (Irccn and silver lemons 
stored March 2(i, 1934; record made 12 weeks later. 

The effects upon color were more pronounced nitli green huuoiis 
than with silver lemons. Tho rate of color development usually 
increased with an increase in the storage temperature. 


GREEN LEMONS STORED AT — 



100 60 60 90 100 no 120 

FIRMNESS (PERCENT) COLOR (PERCENT) 


Fkjure 12.- KfTcct of storage conditions upon the firmness and color of lemons. Green and silver lemons 
stored January 23,1936; record made 1C weeks later. 

Carbon dioxide treatments usually delayed color development, 
especially in the prestoi'age treatments with liigh percentages of 
carbon dioxide. 

Color usually developed more slowly in waxed than in unwaxed fruit. 

The firmness of the fruit usually decreased with a rise in the storage 
temperature. Fruit held for 1 to 3 weeks at a lower temperature before 
besE^' moved to a higher usually showed decidedly greater firmness 
thl^ that held continuously at the higher temperature. 
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Carbon dioxide treatments bad little, if any, effect upon loss of 
firmness. 

Waxing had a most pronounced effect in delaying the loss in finn- 
ness, especially at the higher temperatures. 

In the tests reported in figure 11 several of the waxed and unwaxed 
lots were weighed before and after being stored, and it was found that 
the loss in weight of the waxed fruit was 75 to 95 percent less than that 
of the control fruit. 

SUMMARY 

Certain storage diseases of lemons are described and experiments are 
reported showing the response of these diseases to storage conditions. 

The storage lots were small but great care was taken in selecting 
them. 

Fruit was held in storage at 32^^, 36°, 40°, 50°, and 60° F. 

During the first 6 or 8 weeks of storage there was more decay at 
the higlier temperatures, but with longer storage tlus was sometimes 
reversed, apparently because of decay following watery break-down 
and pitting. 

Carbon dioxide failed to check altcrnaria decay. 

flitting did not occur in 60° F. storage and was seldom serious at 
50°, but was the great limiting factor in storage at lower temperatures. 
It was much worse at 32° and 36° than at 40°. 

Holding the lemons at 32°, 36°, or 40° F. for 1 or 2 weeks before 
storing them at a higher temperature did not increase pitting. 

Prestorage treatments with high i)ercentages of carbon dioxide 
tended to decrease pitting. 

Waxed lemons developed less jutting than unwaxed ones. 

Membranous stain showed most pronounced temperature respoUvse. 
Its occurrence at 32°, 36°, 40°, 50°, and 60° F. stood approximate^ in 
the order of 1, 12, 22, 8, and 2 percent respectively, with usually only 
a small amount of the disease at 32° and 75 to 100 percent of the fruit 
affected at 40°. 

Fruit held at 32° F. 1 or 2 weeks before being stored at 50° or 60° 
usually developed less membranous stain than that held continuously 
ill the higher temperature, but when held at 40° 1 or 2 weeks before 
being stored at 50° or (’>0° it sometimes developed more. 

Carbon dioxide gas storage decreased membranous stain. This was 
true with fruit receiving prestorage treatments with high i)ercentages 
of carbon dioxide and with that exposed for several weeks to low 
percentages produced either by the addition of carbon dioxide to the' 
atmosphere or by building it up by means of the fruit respiration. 

Waxed fruit usually had less membranous stjiin than unwaxed. 

Watery break-dowm was sometimes serious in 32° F. storage but ilid 
not occur at higher temperatures. Scald and red blotch were occasion¬ 
ally found on fruit held at low temperatures. 

Prestorage treatments with high percentages of carbon dioxide 
tended to delay color development. 

Waxed fruit lost weight and firmness very much more slowly than 
unwaxed fruit. 

No injury resulted from the accumulation of low percentages of 
carbon dioxide in the storage atmosphere, and none from prestorage 
exposure to high percentages of carbon dioxide. 




PRODUCTION OF SYNTHETIC MYCORHIZA IN THE 
CULTIVATED CRANBERRY' 


By Henry F. Bain 

Senior pathologist^ Division of Fruit and Vegetable Crops and Diseases, Bureau of 
Plant Industry, United States Department of Agriculture 

INTRODUCTION 

Investigations in the Ericaceae have played an important role in 
the broader study of relationships existing between mycorhizal fungi 
and their host plants. Many species of the family, particularly those 
growing in peat and raw humus soils, regularly have mycorhiza of a 
rather uniform type, in which the epidermal or cortical cells of the 
roots are filled wuth compact masses of fungus mycelium. According 
to some investigators, the mycorhizal fungi invade above-ground 
organs as well as roots of the host, the mycelium in this case being 
generally distributed throughout the plant in a highly attenuated 
and sparsely developed form. Extraordinary significance has been 
ascribed to this systemic form of infection, as the fungus is considered 
to furnish an indispensable stimulus to root production by the host 
plant. Other investigator have questioned the existence of systemic 
infection and its obligate relation to root production. Some workers 
suspect that the mycorhizal fungus supplies nitrogen to its host, 
either by making nitrogenous compounds in the peat available or by 
directly fixing atmospheric nitrogen; others doubt whether the host 
derives any benefit from its endophyte. The present paper adds to 
(his general subject some observations on the mycorhiza of the cul¬ 
tivated (Tanberry, Vaccininm macrocarpon Ait. 

RKVIKW OF LITERATURE 

A critical review^ of the literature is essential to an understanding 
of the discordant views held by present investigators. Stahl in 1900 
UV2)'^ grew^ seedlings of Vacciinum myrtillus in sterilized soil and re- 
port(*d that they were inycorhiza-free but developed as well as 
mycorhiza-infected plants. Ternetz in 1907 (37) reported that several 
strains of a fungus described as Phoma rad ids, isolated from roots of 
<Iifferent eri(‘aceous species, were able to fix atmospheric nitrogen. 
The identity of the isolated strains with the root endophytes w^as not 
established because mycorhiza-free plants could not be secured for 
inoculation tests, even by growing plants from surface-sterilized seed 
planted in peat sterilized at 120® (\ on 2 successive days. Ternetz 
reasoned that the mycorhizal fungus must have been present in the 
seed, and in confirmation reported finding brown hyphae, similar to 
those occurring on eriiuiceous roots, in seed coats of Calluna, vulgaris, 
one of the plants with which she worked. After considering various 
ways in which the mycelium might have reached the seed, Ternetz 
inclined tow^ard the view that infection takes place during bloom. 
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In a series of publications beginning in 1911, Rayner gradually 
developed the hypothesis of systemic infection and obligate symbiosis 
in the Ericaceae. Her first paper (2S) suggested that myco- 

rhiza might be an important factor m accounting for the natural 
distribution of Calluna imlgaris. Working with the same plant, she 
reported in 1913 {16) finding seed-coat infection in unopened capsules 
and isolated a fungus from surface-sterilized mature seed which ^‘has 
since then been identified with the species occurring as mycorhiza in 
the roots^' {16y p. 70, footnote). Fungus-free cultures of seedlings 
were obtained when the strength of the sterilizing solution (mercuric 
chloride) was increased to 1 percent. Rayner interpreted this to 
mean tliat the seed-coat-inhabiting mycorhizal fungus had been 
efTectively eliminated and that in consequence these seedlings were 
truly mycorhiza-frec. All such seedlings failed to produce normal 
roots. In 1915 ‘(/7) she reported success in stimulating similar 
^^mycorrhiza-free^' seedlings to form roots and grow normally on an 
agar substrate by inoculating the cultures with a Phoma isolated 
from unopened fruits. The circumstance of root stimulation was 
considerea to prove not only that the Phoma was identical with the 
Calluna endophyte but also that the relation between root formation 
and mycorhizal infection was obligate. As will be pointed out later, 
the Phoma did not produce typical mycorliiza in the inoculated seed¬ 
lings. Unlike Ternetz, Rayner was of the opinion that the fungus 
reached the seed by growing up through stem and fruit tissues and 
that seedlings subsequently became infected by hyphae from seed 
coats growing into roots shortly after germination. Microscopic 
examination revealed fine hyphae in leaves and stems of the plant. 
The final link in the development of Rayner’s hypothesis appeared 
in 1922 (10), when she referred her Phoma to the nitrogen-fixing 
P. radicis of Ternetz and, by accepting the identity of the fungi, 
considered that lier findings confirmed and extended those of Ternetz. 

Christoph in 1921 (6‘) first seriously quesfioned Raynor’s work. 
He isolated a nonfruiting fungus from roots of Calluna vulgaris^ 
which produced typical mycorhiza when inocnlated into the soil in 
which Calluna seedlings and cuttings w^ere growing. The fungus w^as 
obviously not Phoma radicis. Uninoculated plants grew normally 
and remained free from mycorliiza, in some cases for more than 2 
years. Christoph started his plants in sterilized soil, but afterward 
grew them in open pots unprotected fi^m contamination. Rayner 
(18) promptly replied to this article by criticizing Christoph work 
on the three grounds that the seeds were incompletely sterilized, 
that they were not grown under aseptic conditions, and that the 
microscopic technique employed in making the examination for 
infection was inadequate. She charged that Cliristoph completely 
overlooked the ‘‘fine mycelium'' type of infection, which w^as undoubt¬ 
edly present in his uninoculated plants. On her part, Rayner min¬ 
imized the fact that Cliristoph's fungus produced the “knot" form of 
mycorhiza in roots of plants growing in previously sterilized soil. 

Dufr^noy (8) in 1917 reported that the endotrophic mycorhizal 
fungus associated with root tubercles of Arbutus unedo extended 
throughout all organs of the plant in that species. After death of 
sepals, petals, and leaves, the fungus continued to grow saprophytically 
and in that stage produced conidia. The fungus was also said to 
sporulate on rootlets which it had previously parasitized. By 
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implication the fungus was considered to be a strain of Phoma radicis. 
It was not isolated from the plant. Working with the same host 
species, Rivett in 1924 {26) concluded that the tubercles were pri¬ 
marily caused by a fung^iis growing ectotrophically and that the 
**knot’’ form of endotropmc mycorhiza developed in them somewhat 
later. Nontuberculate roots were frequently infected with the 
attenuated fonn of hyphae. It was assumed that the three types of 
mycorhiza—the ectotrophic and both endotrophic forms—were 
caused by a single fungus, although no isolations were made. 

A reinvestigation of the whole problem of mycorhiza in Calluna 
was reported by Raynor {20) in 1925. Essentially the same conclu¬ 
sions were reached. Some new details regarding distribution and 
time of development of mycelium in the plant were given. She stated 
that '^fungal mfection and the stimulus to development associated 
with it on the one hand, and the formation of root mycorhiza on the 
other hand, must be regarded as distinct phenomena^* {20, p, 285), 
although the same fungus was believed to bring about both condi¬ 
tions. When Raynor repeated Christoph's experiment of growing 
cuttings in sterilized peat, she found that after 8 months the roots 
appeared to be free from mycelium; i. e., like Cliristoph's check plants, 
they failed to develop the "'knot" type of mycorhiza. However, she 
insisted that the attenuated form of the endophyte was present. 

In 1928 Doak (7) briefly reported isolating a mycorhizal fungus 
from roots of Vacciniurn coryrnoosum and V. pennsylmnicum, which 
j)roduced mycorhiza in ^^sterile seedlings." Normal root and stem 
developmemt did not depend on the presence of the fungus. The 
fungus resembled Rhizoctonia, Unfortunately, a complete account 
of these investigations has not been published. 

Using a (uilture of Phoma radicis callmae, isolated by Rayner in 
1924, Jones and Smith (t2)in 1928 reported that the fungus fixed a small 
amount of atmospheric nitrogen but exhibited unmistakable growth 
response when available nitrogen was added to the culture solution. 
The authors felt that the study ought to be repeated with a newly 
isolated strain of tln^ fungus. 

Tlie notion of systemic infection was carried still further by Rayner 
in 1929 {21), when she reported that in the genus Vacciniurn th(‘ 
endophyte penetrates into the endos[)erm of the developing seed. 
The investigation dealt largely with V. macrocarpon and F. oxycoccuji, 
though ovarial infection by fine hyphae was reported for seven species 
of the genus. Fruit infection was detected as early as July, In 
mature seed the embryo alone lacked infection. When seed were 
aseptically transferred to agar from surface-sterilized berries, the fine 
hyphae in the seed coat and endosperm became active and penetrated 
into the developing hypocotyl but did not grow into the agar, a 
circumstance that appeared puzzling" {21, pp. 60-61), Despite 
the fact that the endophyte was never isolated from any part of the 
cranberxy plant, it was assumed that the mycorhizal fungus w^as a 
strain of Phoma radicis. Seedlings were grown on agar with and 
without seed coats removed. In both cases they grew weU but rooted 
irregularly, and roots in contact with the agar browned early. Roots 
and stems of the seedlings were found to be sparsely infected with 
fine hyphae. It was argued that since the endosperm is infected the 
seedlings likewise must bo infected; consequently, it is impossible to 
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follow the classic method of inoculating fungus-free plants with a pure 
culture of the endophyte in Vaccinium species. Concerning the 
failure of the seedlings to develop the ^^knot^' type of mycorhiza in 
agar cultures, the following statements appear {21 y pp. 

[Mycorrhiza forinationl is an annual event, influenced largely by soil conditions. 
♦ He ♦ direct relation of mycorrhiza formation to soil constitution is 

emphasized once more, and in Vaccinium there can be little doubt of its immediate 
connexion with an abundant supply of natural humus. ♦ * ♦ Mycorrhiza 

formation fin Vaccinium] is likewise hindered by certain conditions in the rooting 
medium. * ♦ ♦ formation of mycorrhiza is partially inhibited in the 

roots of both species \ Vaccinium and Calluna] when grown in a sterilized mediun^ 

In 1929 Knudson (13) reported growing seedlings of Calluna mil- 
garis for more than 2 montlis without the formation of mycorhiza. 
The plants rooted normally. Seed wore surface-sterilized with cal¬ 
cium hypochlorite solution and planted on nutrient agar in test tubes. 
The agar slants remained sterile except one series in which the sood 
contained a considerable amount of chaff. All the cultures in this 
particular series developed an Alternariay which was iinalde to pene¬ 
trate into the roots. Phorna did not appear in any of Knudson^s 
cultures, and no attempt was made to isolate the endophyte from roots 
of naturally infected plants. 

Rayner immediately criticized Knudson’s work, claiming that ho 
used imperfect sterilization methods and then overlooked infection 
in his seedlings because of faulty technic|ue. She stated {22j pp. 383- 
.384): 

In imperfectly sterilised c\iltures (i. e., those in which Ihc Phoma presumably 
occurring in the seed coats is not killed) in an aseptic rooting medium typical 
mycorrhiza is not formed; mycelium is casual in distribution, often very sparsely 
developed, and may be extremely difficult to put in evidence in the earlier stages of 
growth. ♦ * hj early stages of infection in cultures such as those de¬ 
scribed show no hyphal cornplexos within the root cells ♦ ♦ The two 

f)henomcna—infection of llie seedling at germination and the formation of mycor¬ 
rhiza- are distinct; the former is invariable, the latter conditioned by the nature 
of the rooting medium * * * Presumably, by “root infection” Kmvdson 

understands tlie formation of the characteristic hyphal complexes found in typical 
(Uilluna my(!orrhiza. In my experience, these are never fonnerl in a steril(^ agar 
rooting medium of the kind usimI ♦ ♦ ♦ Knudson’s conclusions tend to 

confirm those reported l)y (^liristoph because he has employed a similar teehnif|ue 
and does not a|xj)reeiate the true eharacter of seedling infe<*tiori as distinct from 
mycorrhiza formation. 

Further sufiport for the uitrogou-Iixing nbility of Phoma radirls 
calhinac was reported in 1920 by Rayner and Smith {2J^), In tlie 
course of a jihysiological investigation of th(^ fungus it was found that 
both the fungus and Calluna seedlings thrived better when nitrates 
and otlier forms of combined nitrogen were loft out of the nutrient 
media. Strains of the endophyte were said to exhibit a high degree of 
specialization toward tlicir respective host plants. On the subject of 
mycorhiza formation it was again stated {24^ p. 287) that *^{* * * 

roots although infected by mycelium do not develop functional my(*or- 
rliizain a sterilised sulistrate).'' 

Investigating the nutrient requirements of the cranberry (Vac- 
cinium macrocarpon) in 1931 and 1932, Acldoms and Mounce (/, 2) 
concluded that the mjrcorhizal fungus alone was not able to supply the 
jdant^s demand for nitrogen. Rooted cuttings were grown in sand in 
open pots. Fungus mycelium, presumably of Phoma radiciSf was 
observed in above-ground plant parts, including fruit and seed, as well 
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as in roots. There appeared to be a positive coiTelation between the 
amount of mycelium present and vigor of growth in the liost plant. 
Isolation of the fungus wp not attempted. 

Two important contributions to the subject appeared in 1933. 
Knudson (f4) repeated his experiments witli Calluna with greater 
precision and j)resented new evidence that calcium hypochlorite 
effectively sterilized the seed. Using Kayner^s microscopic technique, 
he was again unable to detect mycelium of any kind in seedlings grown 
on agar. Jloot formation was completely inhibited on such agar 
substrates as potato dextrose and those containing peptone, but 
seedlings rooted normally on favorable media, i.e., the rooting response 
w’^as obviously coutrolh^l f>y the composition of the substratum. 
Again Phoma failed to appear in any of the cultures. Kriesleben (/>) 
isolated from the j*oots of Vacciuhim fnyrtillus a mycorhizal fungus 
that rejiroducred the ^‘knot'^ tyjie of mycorhiza in seedlings grown from 
surface-sterilized secal. The fungus, wliich faihal to fruit, was ten¬ 
tatively called Mycelium radicis myrtiUi. Tlie plants w cue grown in a 
peat-sand mixture, in Hasks that were sterilized and handled asepti- 
cally throughout the experiment. Employing Rayner’s technique, 
Frieslebcn w^as unable to find the attenuated form of infection in his 
'^sterile/^ plants. In one important respect his results confirmed those 
of Rayner, namely, that seedlings in the fungus-free flasks failed to 
produce roots and soon died. 

Using the same technique as before, Frieslebcn (/O) in 1934 isolated 
four root fungi from three Vaccinium species (two strains from V, 
myrtilliii^ and one each fiom V. riti>i-iclma> and V. uUyinomm), each 
of which induced formation of true mycorhiza not only in its original 
host ])lant. but alst» in the other three species of Vaccimum and in V. 
oxycovcu^ as w(dl. Stimulation to root and shoot grow^th accompanied 
synthesis in all cases. None of the fungi fruited. Still more importr- 
ant, Frieslebcn found that the stimulus to root formation in sterilizeil 
peat vras brought about equally well by several nonmycorhiza-forming 
fungi isolated from soil surromiding roots and from surfaces of vege¬ 
tative parts of native plants. A culture of Raymer’s Phoma radwh 
calluHue parasitized V. orycoccus but reacted tow ard V, v/Hn-idaea in 
the same manner as the other nonmycorhiza-forming fungi. These 
discoveries compelled Frieslebcn to abandon the idea of specific and 
obligate symbiosis in Vaccinium and to hold instead that root suppres¬ 
sion is due to an unfavorable condition in the rooting medium, which 
may be corrected by the presence of various fungi w hether or not they 
are mycorhiza forming. He pointed out that fungi might alter the 
substratum either by secreting substances needed by the higher plant 
or by breaking down toxic substances produced during sterilization. 

A comprehensive scries of experiments with ericaceous mycorhiza 
w^us reported by Frieslebcn in 1935 (11), Seedlings of 21 species in 13 
l^enera, representing all except 2 tribes of the Ericaceae, were grown 
in sterilized peat, and except for the tribe Arbuteae all the species 
exliibited growth repression similar to that found earlier (10) in 
Vaccinium species. The repressive effect disappeared when the 
sterilized peat was inoculated with living cultures either of the root 
fungi p^e^dously isolated from Vaednimn spp. (10) or of certain other 
nonmycorhiza-forming soil fungi. Mycorliiza was produced by the 
Vaccinium endophytes in most of the species. Seedlings in asymbiotic 
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cultures on favorable nutrient agar rooted and grew well, but not 
quite so vigorously as in inoculated sterilized peat. On the other 
hand, repressive effects similar to those of sterilized peat developed 
in cultures on the following media: (1) Ether, alcohol, and water 
extracts from peat; (2) agars containing peptone, malt extract, and 
potato; and (3) extracts from fungus mycelium. Friesleben concluded 
that the stimulating effect of fungi on heath plants is brought about 
by inactivation, destruction, or absorption of repressive substances in 
the rooting medium, rather than by secretion by the fungi of sub¬ 
stances stimulating to the higher plant. 

In the mass of conflicting evidence and opinion outlined above, 
investigators have agreed that ericaceous plants generally possess 
mycorhizal fungi in a form variously refeiTcd to as ‘fliyphal complex,^' 
^^knot/’ or ^Hyphenknauel,’^ because of tiie typical structures pro¬ 
duced by the fungi in root cells. Fungi isolated from these “hyphal 
complexes’^ have been found to reproduce similar structures under 
experimental control in Calluna vulgaris (by (Christoph), Vacchiium 
corymbosum and V. pennsylvanicurn (by Doak), and V. myrtillus^ 
vitis-idaeaf and V, uliainosurn (by Friesleben). Friesleben’s Vaccinium 
endophytes also produced the hyphal complex type of mycorhiza in 
10 additional genera of Ericaceae, including C, vulgaris. The endo¬ 
phytic fungi isolated by these investigators failed to produce spores 
when grown in pure culture. Plants grown in the absence of the 
endophytes apparently developed normally when certain other neces- 
‘ sary conditions were provided. 

On the contrary, there has been lack of agre'oment regarding the 
role attributed to Phoma radicis, Rayner’s views have been repeatedly 
and clearly set forth, as indicated by excerpts in the foregoing review. 
Two of the funda-mental claims she makes for the fungus have been 
placed in a doubtful category by other workers, since (1) root suppres¬ 
sion has been attributed (bj^ Knudson and by Friesleben) to factors 
inherent in the rooting medium rather than, as Rayner postulates, to 
lack of Phoma in the plants and (2) the actual existence of systemic, 
infection in the form of ^'fine hyphae” has been openly questioned. 
Confirmation of the latter phenomenon has come only from observers 
(Dufr^noy, Rivett, Addoms and Mounce) who have examined ma¬ 
terial microscopically but have not attempted to grow the fungus 
and host apart from one another. Those who have isolated endo¬ 
phytes from roots (Christoph, Doak, and Friesleben) or who have 
grown plants for the specific purpose of determining whether my¬ 
corhiza is indispensable (Stahl and Knudson) have not confirmed it. 
The widely circulated view that P, radicis is the fungus causing true 
mycorhiza in the Ericaceae is not based on experimental proof, since 
every strain of Phoma so far isolated has failed to produce the nyphal 
complex form of mycorhiza under controlled conditions (Ternetz; 
Rayner; and Friesleben (fO, p, J^O)), 

SCOPE OF THE PRESENT INVESTIGATION 

The present paper reports isolation of root endophytes from four 
ericaceous species —Vaccinium rmcrocarpon Ait., V, canadense Kalm., 
Ohatnasdaphne calyculata (L.) Moench, and Ledum groentandicum 
Oeder.—and a method of synthesizing mycorhiza in a sterilized agar 
medium. Although the endophytes from the four host plants have 
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not fruited, marked growth differences in culture leave little doubt 
that the fungi are specifically distinct, and none of them resembles 
Phoma radicis as described in the literature or as compared with a 
culture of P. radicis callunae Kayner, obtained from the Central- 
bureau voor Schimmel Cultures in Baarn, Netherlands. Originating 
from three difl*erent host genera, all four fungi produce liyphal com¬ 
plex infections in roots of cranberry seedlings (V, macrocarpon) grown 
on agar under puro-culture conditions. The freedom with which the 
fungi penetrate roots, as well as the rooting response of seedlings, is 
shown to be markedly influenced by the constitution of the substrate. 

ISOLATION OF THE ENDOPHYTES 

The cranberry endophyte was isolated from roots of seedlings grown 
in the greenhouse in Washington, D. C., in peat brought from a com¬ 
mercial cranberry planting in Wisconsin the previous fall and kept 
moist until used. Seeds were planted in January and February 1932. 
Seedlings started emerging about 3 weeks after planting, and a month 
later some of the roots on most plants were typically infected with the 
hyphal complex form of mycorhizal fungus. 

Isolations were made without previous surface sterilization of the 
roots. Roots were thorouglily washed in sterilized water with a soft 
camers-hair brush and layers of epidermis one cell in thickness w ere 
stripped from them with No. 12 steel needles. After the positions of 
favorably located infected cells had been carefully noted under the 
compound microscope, the strips were transferred to a watch glass, 
where the epidermal tissue was further dissected into pieces of some 
half dozen cells or less, containing a minimum number of infected 
cells. Five or six of these pieces w^erc transferred to the surface of a 
tliin layer of nutrient agar on a cover glass, covered with a small drop 
of clear water agar, and then inverted over a Van Ticghem cell wdth 
a drop of sterile water in the bottom. In the most favorable prepara¬ 
tions the pieces of epidermis lay parallel to and near the cover glass, 
completely embedded in agar, so that grow th from the mycorhizal cells 
could not only be watched under a 4-mm objective but could also be 
photographed in situ with a fair degree of success. 

Out of a large number of slides prepared in this manner, most of the 
tissue pieces remained sterile, a few wwe evidently contaminated, and 
16 yielded pure cultures of the endophyte. As observed under the 
micToscope, the first indication of growth in the mycorhizal cells w^as 
an increase in the mass of internal hyphae, sometimes to the extent of 
distending the cell wiills considerably before the hyphao broke through. 
Some 40 hours or so after the cultures were started, hyphae began to 
pierce the walls and to grow into the agar at an extremely slow’ rate. 
The slides w^ere held under observation for at least 6 days, after which 
the developing fungus growths were transferred to test tubes of 
nutrient agar. Plate 1, A to C\ illustrates the development of hyphae 
in one such preparation that contained three “mycorhizal cells'^ 
(indicated as a, 6, and c). In plate 1, A, photographed 44 horn's after 
the slide was prepared, a hypha had just emerged from cell a; there 
was no growth from the other two cells. In 7?, 92 hours old, a second 
hypha had made its appearance, coming from cell 6. C shows the 
condition at 139 hours, wdth cell c greatly swollen by the development 
of internal hyphae. A short time later, numerous hyphae grew out 
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from cell c and the entire piece was transferred to a test tube. 1) shows 
another preparation photographed when 6 days old, in which several 
hyphae had emerged from the torn end of the single mycorhizal cell. 

* The same method of isolation was followed with the other three host 
species except that, instead of using roots of seedlings, mature plants 
were dug, all fine rootlets were removed, and the plants were reset in 
the same soil. Isolations were made from newly formed rootlets as 
soon as mycorluza formation was evident. This part of the work was 
earned out during the summer of 1932 in Wisconsin, where equipment 
was lacking to make photographic records; ho'wever, the development 
of hyphae was very carefully noted under the Ixigh powers of the 
microscope. Vaccinium canadense gave exceptionally satisfactory 
preparations, as the infected epidermal cells separated easily and two 
transfers of completely free single cells were obtained, each of which 
yielded a culture of the fungus. A total of 8 isolations of the 
canadense endophyte, 14 of the Chamaedaphne endophyte, and 2 of 
the Ledum endophyte were secured. All fungi from each host plant 
were identical in culture. 

CULTURAL CHARACTERISTICS 

The cultures were subsequently grown on a wide variety of media, 
including most of the common laboratory sorts, and were subjected to 
various light and temperature conditions in unsuccessful attempts to 
induce sporulation. Aside from the fact that all four fungi have 
septate hyphae, no morphological characters have been developed that 
would help to determine their systematic relationships. The most 
prominent characteristic of the fungi as a group is their extremely slow 
rate of growth, the cranberry fungus having a radial growth of about 
0.25 mm per day at room temperature on most media; the blueberry 
{Vaccinium canadense) fungus, about 0.10 mm; the Ledum fungus, 
about 0.20 mm; and the Chamaedaphne fungus, about 0.40 mm. 

Individual hyphae of the cranberry fungus are invariably hyaline. 
On some media they remain relatively slender and separate, with the 
definitely self-limiting colony submerged (pi. 2, A, c), and they are 
cartridge buff^ in color. On other media, notably on onion and 
beer-wort agars, the colony becomes semistromatic with cells greatly 
swollen and densely packed with oil globules, the fungus tissue 
eventually piling up on the surface and breaking into numerous folds 
and fissures (pi. 2, B, c). In the latter condition and in older cultures 
on some other media the colony assumes a chamois or Natal-brown 
color. 

The blueberry {Vaccinium canadense) fungus presents an extreme 
contrast. Here the colony is dark ivy green to olivaceous black, and 
the individual hyphae are smoky, even showing a dark tinge in hyphal 
walls when forming ‘^knots^' in the lumina of cranberry root cells. 
The colony does not grow as large as the cranberry fungus (pi. 2, d). 

The major portion of the colony is submerged, but it is usually covered 
with a velvety layer of erect aerial hyphae about 0.5 mm in length. 
Oil globules occur in abundance on most media. 

The Chamaedaphne endophyte has hyaline hyphae that on some 
media become dark-colored with age. The colony on most media is 
dark-colored, and a thin layer of aerial hyphae above darker sub- 

> zuunes used are according to Ridgway (iS), 
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PLATE 1 



t 'ninberry ni>C‘orhi/Hl funi'u.s isolulion.s j\, Culture No 24, 44 hours after being placed in hanging drop 
of agar. The eight-celled piece of root epidermis contains three hyphal complex cells {a, b, c). A hyphsi 
has emerged from cell a, no gro\% th from cells b and c X 750 (^ultive No 24, 92 hours old. llypha 
at a has elongated, a second h> pha has emerged from coll b, and cell c is lieginning to enlarge from internal 
growth of hyphae X 500 C, Culture No. 24, 139 hours old. (^ell r is greatlj' enlarged hy internal 

growth of h>phae X 270 D, Culture No 25, 0 days old Ilyphae emerging from torn end of single 
mycorhizal cell X 240 
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Plate 2 



IVIycorhizal fuDKUvS colonies' A, 44 (lays old on modified MeArdle aRar; 47 days old on onion aRar; 
a, Chamaedaphne endophyte; b, Ledum endophyte; c, cranl)erry endophyte; rf, blueberry endophyte. 
Note iiarticularly the ditTercnce in tyi>e of growth between a and 6 on ouioii agar and a anc! 6 on 
MeArdle agar, X Uii. 
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merged inycelium produces a mass effect of deep olive gray to oli¬ 
vaceous black. On some media the color is deep mouse gray, with a 
margin almost colorless (pi. 2 , A, a, and i?, a). The hyphae penetrate 
more deeply into the agar than do the hyphae of the two fungi just 
discussed, and in test tubes the colony eventually covers the entire 
agar surface; that is, it is not self-limiting. Oil is not ordinarily 
formed in the hyphae. 

The Ledum fungus hyphae are hyaline at first and remain so on some 
media while becoming dark with age on others. The colony is 
mummy brown to fuscous black practically to its margin. On most 
media the mycelium is submerged, but occasionally aerial tufts of 
pale guU-^ay to dark olive-gray hyphae are produced (pi. 2 , Ay by and 
By b) The colony rarely extends to the edge of the agar surface. 
Oil is formed abundantly on some media and is entirely lacking on 
others. The Ledum and Chaynaedaphne endophytes bear more re¬ 
semblance to each other than to any of the otJier funm, but exhibit 
well-defined differences on every medium so far used (pi. 2 , A and B). 

The cultures have been maintained since 1932 on a modification of 
the agar used by McArdle (/5, p. 299y footnote)^ made up as follows: 


Grams Grams 

ARar... -- ..15 to 20 Ca(NOj) 2 _-. .0.50 

Maltose. _ _ _ 2.0 KH 2 PO 4 .... .25 

Dextrose...... 2. 0 Cubic 

Soluble starch. 2 . 0 vaumtUrs 

MgS ()4 . -. .50 H 2 O (fUstilled), ...... . . 1,000 

To tliis formula a small amount of peptone is sometimes added, to 


the advantage of the fungi but spoiling the usefulness of the culture as 
a source of inoculum because of the repressive effect of the peptone 
on seedling cranberry roots. Various sugars liave been .satisfactorily 
substituted for those named, and ammonium sulphate (N 114 ) 2804 , may 
partly or completely replace the calcium nitrate, Ca(N 03 ) 2 , as a sour(‘e 
of nitrogen, 

SYNTHESIS EXPERIMENTS WITH THE CRANBERRY MYCORHIZAL 

FUNGUS 

METHODS AND OBJECTIVES 

After numerous attempts had been made to obtain root infection 
in cranberry seedlings growing in agar, the following method was 
found to give consistently good results: Sterile seed was planted in 
test tubes on 0.85- or 1-porcent agar, made with distilled water, to 
which no nutrients of any kind were added. Sterile seed was obtained 
either by transferring seed directly from surface-sterilized sound 
berries or by treating cleaned seed with calcium hypochlorite solution 
{tOy 14 , etc.) for 30 minutes or longer. In this connection it may be 
mentioned that cranberry seed germinate w ith much greater regularity 
if permitted to remain in the fruit until Janiuuy at a temperature 
sufficiently low^ to keep the berries in prime condition (4y p. 10), 
Both methods of sterilization of seed fail to meet Rayner’s view that 
it is not possible to eliminate endosperm-borne mycelium of Phomo 
radicis from the seeds. This matter is considered at length in a later 
section, but it may be pointed out here that literally hundreds of 
plantings have been made on water agar and on nutrient agars 
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favorable to the growth of the cranberry root endophyte without 
once encountering Phoma radicis in culture (pi. 3, -A to Z>). 

As the seed germinates the roots penetrate the agar freely and in 
most cases remain slender and bright-colored, branch naturally, and 
appear to bo normal and healthy in all respects. The plants grow for 
3 or 4 months without showing marked signs of nutritional deficienees, 
reach an average height of about 4 cm, and produce six or more true 
leaves. At the end of the period they differ from plants grown in soil 
mainly in having somewhat longer internodes, fewer and slightly 
smaller leaves, and a much reduced root system. If transplanted to 
soil from water agar while actively growdng, the seedlings will thrive 
as well as soil-planted seedlings of the same age. In the tubes the 
plants may remain alive and green for a yc^ar provided the agar does 
not dry out. Exposed roots redden in bright sunlight. Plate 3, K, 
illustrates an average 16-weeks-old plant grown in water agar. 

An occasional lot of distilled-water agar proves to be somewhaf 
unsatisfactory. Hero the roots cease growing, after penetrating a 
short distance into the agar, and send out numerous abortive branches, 
and the entire root system loses its bright, clear color, turning brow n 
or black. The aerial portion of the plant is not affected, although 
there is a tendency to produce adventitious roots above the agar. 
Tliis is apparently a mild form of toxicity due to the medium. More 
severe cases of toxicity brought about by adding various substances to 
the agar arc discussed later. 

The seedling cultures may be inoculated with the mycorhizal fungus 
at the time the seed is planted, or if it is preferred to test the sterility 
of the seed the operation may be delayed until after the seed bus 
germinated. Inoculations are made simply by spreading liberal 
quantities of crumbled fungus tissue fronrstock cultures (p. <Siq) 
among the seeds or plants (pi. 4, A). Hyphae from each piece of 
inoculum grow' remarkably long distances into the nutrieiit-fn'.e 
medium. Mycorhiza formation takes place almost immediately after 
the slowly advancing hyphae come in contact with the roots. Tlic 
hyphae follow the roots into the agar far beyond the depth to which 
they would otherwise penetrate, and continue to form mycorhiza as 
they advance. 

The type of infection that develops in the water-agar cultures 
appears to be identical with that in natural cranberry mycorhiza. 
After entering an epidermal cell (pi. 4, JS), the hypha coils and branches 
freely within the lumen (pi. 4, B and ( 7 ) until the enveloping mycelial 
mass finally fills the cell completely (pi. 5, B). The end result is 
digestion or disintegration of the mycelial mass within the cell exactly’' 
as it occurs in nature {20, pp, 268-209), The prevailing pattern of 
infection consists of infected epidermal cells, either single or in small 
groups, separated by larger areas of fungus-free tissue (pi. 5, A and B), 
Internal hyphae have been observed to pass from cell to cell (pi. 5, C), 
but apparently the plant inliibits an extensive spread of the fungus in 
this manner; the completely infected epidermal areas often encoiin- 
tered probably result from separate external infections. The fungus 
has never been observed to penetrate more deeply into the root than 
the epidermal layer. Infection is strictly limited to root tissue, never 
occurring above the root-stem transition zone, despite the fact that 
external mycelium frequently advances well up the stem under agar- 
culture coTulitions. 
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PLATE 3 



1, SierlJc cranberry seed iilnnted on niodified McArdle near Fel>ruary 1934, Tube of same apur 
inoculated v. ilh cranberry root endophyte f’and D, Same cultures as in .1 and B, 29 days later Note 
that seed culture remained sterile although medium is favorable to growth of endophyte E, Average 
H’rweeks-oKl cranberry seedling grow n on sterile distilled-w'ttter agar. XI*.' 
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PLATE 4 



I, Culture of minberry seedliuKS on dhtillod-wfitor agar, rijaiite^l January JA, U»34, inoculattMl wilh (ho 
cranberry root cn(ioi»hyte January 29: photographed February 2N Plant « was reino\ e<l March 10, w hen 
photonucrographs of inycorhiza, reproduced in plate !i, , 1 and /J. were made from its roots XI'-' /i. 

Cranberry mycorluzal fungus entering epidermal (»lls of cranberry seedling uKit in dustilled-waler agar 
culture, seed planted January 15. 1934, inoculated January 2t», jihotographed March 13 X 903 ( 

Epidermal coll almost filled by luycorhi/al m>celial compiov. From same culture as /#, photograpbeil 
March 24, 1934 X 903. 
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Several questions immediately arise in regard to the significance of 
infections obtained in the manner described. Do they provide con* 
elusive proof that the fungus is in fact identical with the endophyte 
that produces similar structures under natural conditions? In other 
words, is this true mycorhiza formation? Or is it more probable that 
the plants are partly starved when grown on nutrient-free agar and 
consequently have lost their ability to resist invasion by the fungus? 
Is the plant either injured or benefited as a result of the infection? 
Will fungi from other sources produce similar formations in the roots? 
Is Phoma radicis present systemically in both inoculated and uninoc¬ 
ulated plants? If Phoma, rather than the fungus isolated by the writer, 
is the true endophyte, why does it not produce the ^‘mycelial com¬ 
plexes” under these conditions as the cranberry fungus does? In an 
attempt to answer these and related questions numerous experiments 
have been conducted. 

Agar rather tlian sterilized soil was used for the inoculation experi¬ 
ments becaus(i it appeared to ofl*er certain advantages over soil, partic¬ 
ularly in respect to the ease of varying the nutrient composition of the 
substrate and of observing the behavior of fungi, whether introduced 
intentionally or accidentally. The stock culture medium (p. 819) 
that had proved favorable to the fungus was first tried, with disap¬ 
pointing results. Roots coming in contact with the agar did not grow 
normally, but soon turned brown and failed to penetrate into the 
medium. (Compare pis, 3, C, and 4, -4.) In the inoculated series the 
fungus enveloped the surface-lying roots with a dense weft of hyphae 
but only on rare occasions penetrated into epidermal cells to produce 
characteristic hyphal complexes. These few instances of infection, 
ho\\ever, closely resembled mycorhiza and made it appear that the 
true endophyte was being used, but under conditions not conducive to 
abundant infection. Proceeding liext on tlio assumption that the 
fungus might obtain food materials from roots if not available in the 
culture medium, nutrient-free agar was tried, resulting in immediate 
and at times extremely heavy infection as noted above. 

RESULTS OF EXPERIMENTS 

In a series of water-agar cultures started in the spring of 1935, 6 
seeds were planted in each of 284 test tubes, 142 of which were inocu¬ 
lated with the cranberry endophyte. Frequent microscopic examina¬ 
tion showed that plants in the inoculated series were invariably myco¬ 
rhiza] wliile tliose in the uninoculated checks lacked mycorhiza. At the 
end of lb weeks 750 plants remained in the inoculated series and 767 in 
tlie checks. At this time the average height of 25 random plants in 
the inoculated series was 41 mm and in the iininoculnted series it was 
39 mm; both lots had an average of 7 true leaves. All the plants 
were then removed, with root systems intact, and w ere thoroughly air- 
dried and weighed. The weight per plant in the inoculated series 
w^as 3.64 mg and in the uninoculated series 3.63 mg. The seed reserve 
obviously must have supplied practically all mineral nutrients \ised 
by the plants growm under both conditions; the fungus did not se¬ 
riously deplete the store; and nitrogen availability and starch forma¬ 
tion must have been about equal in the two lots. It appears, then, 
that the fungus was neither injuriously parasitic nor beneficial to the 
plants under the conditions of the experiment. 
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Some curious results were obtained in another series of plantings in 
1935, in which an attempt was made to find out wdiether the fungus 
derived certain substances or elements from the roots. With modified 
McArdle agar as a base, one after another of the chemical compounds 
was omitted, and by making substitutions in the formula, a single 
element at a time was eliminated. The formulas were made up as 
shown in table 1, with 15 g of agar and 1,000 cc of distilled whaler added 
to each except to the nutrient-free agar. 

The cranberry fungus was grown for 2 months in a tube from each 
lot, after which transfeis wert^ made from the edges of the colonies to 
fresh lots of the same agars. Tlie diameters of the colonies on tfie 
subcultures were measured when tlie colonies were 10 days old; the 
results are sliown in ])late 0, ul. There was definite growth in eveiy 
lot, though the sparse develoiiinent of hyphae in No. 1 and the reduced 
rate of growdJi m No. 10 were decidedly subnormal. (Jrowth was 
slightly subnormal in all others except Nos. 2 and 0. 

On February 5, seetl from surfa(‘e-sterilized berries were planted, 
five or six to the t(‘st tube?, on the agat‘S described above. Germina¬ 
tion was irregular. Half of the tubes w^ere inoculated with standard 
agar cultures of the cranberry fungus after the seed genninated. The 
other half w^ere held as checks. The tubes w ere capped with w axed 
paper and kept in the greenhouse for 10 weeks. Roots from both inoc¬ 
ulated and (‘heck lots were examined at frequent intervals for fungus 
infection. At the conclusion of the period 25 plants from each lot 
were measured, and all plants were carefully removed, air-dried for 4 
months, and weighed. 

Marked diflerences in growth wwe evident from the bc'ginning, 
showing in such respects as height, color, and thickness of stems; size, 
number, and color of leaves; numbers and branching of roots; penetra¬ 
tion of roots into the agar; and formation of adventitious roots that 
grew along the glass surface opposite the agar. Notes are summarized 
in table 2 and charted in plate 6, A. 





I, Hoot from plant a (pi. 4, ,1), photovrraplied March 10, 19:44, showing dislnhulioii of infected piark-col- 
ored) epidermal toIIs X lt)7. B, Mycorlit^a from plant n (pi 4. ^1), T)hotogrHphe<l March 10. 19:44; in 
four infected cells the m.\c«lium is in early stages of digestion, in lower right the h>phal coils ha\e nr>t 
(liiUe filled the cell. X 75(l C, Early .stages of infection in water-agar culture. hM>hae branching and 
beginning to <'oil m cell a and pa.s.sing through cell walls info b and c, a brunch from c has sttu-fed into d; 
photographed M arch 2:4, 19.44. X 7.50. 
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Plate 6 




A, Avemgo plant'J in the lyar. agur-culliire series (tallies ) and 2^ in each pair, pluul on left is from inocu¬ 
lated culture, on right from uumocuhiteil culture, blocks represent relative diameters of cranlierry invcor- 
colonies on the respcci ive agars (1-12) when ly days old; individual plants were photographed 
and the jTmts were inked o\er afpir being assembled, thus making roots apiiear considerably heavier 
than they actually were X approximately h. Ji, Cranberry seedlings 60 days from date of planting, 
growm in (a) cork-sand mixture, not inoculated, not rnycorhual; (ft) cork-sand mixture, inoculated with 
cranberry mycorhizal fungus, all roots above x infected; (c) distilleil-water agar in test tube, lunculuted 
with mycorhizal fungus, mywirhizal, (d) Wisconsin jieat, mycorhizal; traced root by root under enlarging 
camera; diameter of roots enlarged for illustration. X Approximately 94. 
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Ajiy attempt to interpret these results evidently must be made 
by comparing the behavior of plants in nutrient-free agar (No. 12) 
with that of plants in either complete agar (No. 11) or in the agar in 
which the plants most nearly approximated normal soil growth (No. 
7, uninoculated). The growth differences between inoculated and 
uninoculated plants on nutrient-free agar, as pointed out, were not 
measurable. On complete agar the only apparent difference was 
an increase of 20 percent in weiglit of the inoculated plants over the 
checks, while these inoculated plants were but 33% percent heavier 
than either inoculated or uninoculated })lants grown m nutrient-free 
agar, and were only slightly taller and prodOced but one more leaf. 
The plants that grew' tlic tallest stems and the greatest number and 
largest sized leaves (No. 7, uninoculated) weighed slightly less than 
those on the inoculated complete-nutrient agar. In the light of these 
relations it must be concluded that wherever grow^tli w'as subnormal 
as compared with plants in the nutrient-free agar, subnormal grow th 
was due to direct injury exerted by the unbalanced substrate and 
not to deliciencies in the agar. Hoots of subnormal plants responded 
by failure to penetrate the agar freely (in extreme cases becoming 
tuberculate in contact with it), or by turning brown or red, or l)y 
developing adventitiously or branching freely out of contact with th<‘ 
agar. This condition was ap[)arcntly comparable to the root toxicity 
found by Friesleben (/>, 10, 11) in using fungus-free sterilized peat, 
and lends support to Knudson^s suggestion {14) that the failure of 
Kayner's agar-culture Calluna plants to form roots was pro})ably 
dirc(*(ly attributable to conditions existing in the substrate. The 
cranberry i)lant, by way of contrast, with its remarkable rooting 
capacity, w^as able to survive on these unfavorable media for long 
periods, although stems, loaves, and roots in contact with the agar 
often showed injury. 

Considering the coinl>ined effect of media and fungus on the plants, 
it was found that in three instances (Nos. 4, 5, and 10) the inoculateci 
I)lants greW' better than their uninoculated checks, and in throe cases 
(Nos. 0, 7, and 9) the reverse was true. Where the inoculated plants 
wer(j superior, there was a trace of mycorhizal inh'ction in two lots, 
none in the other (No. 10); height of plants and general appearance 
were inferior to the water-agar cultures, though dry weight per plant 
was greater, and roots were abnormal. In those lots in which the 
checks were superior the plants grew decidedly better than the water- 
agar cultures in two cases (Nos. 0 and 7) and at least equally well in 
the other (No. 9), and the roots were almost normal in appearance. 
The plants in No. 1 also produced normal roots both in inoculated and 
check cultures; in growth they were intermediate between the water- 
agar and complete-agar cultures; and mycorhiza formation in inocu¬ 
lated plants in this carbohydrate-lacking medium was more abundant 
than in any other medium except water agar. Taking all thes(‘ 
relations into consideration, the following conclusions appear to be 
justified: 

(1) The culture media as made up were injurious to the plants 
except in Nos. 1, 6, 7,11,12, and possibly 9. 

(2) The injury was of a toxic nature and was not duo to specific 
nutrient deficiencies. 

(3) Presence of the fungus in the cultures tended either to reduce 
the toxicity (Nos. 4, 5, and 10) or to intensify it (Nos. 6, 7, and 9), 

41981-~88-3 
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according to the changes in the medium brought about by metabolic 
activity of the fungus. 

(4) Little information was gained regarding the role played by the 
fungus in the mycorhizal association. However, it was noted that in 
nutrient-free agar (No. 12) inoculated plants were invariablv myco¬ 
rhizal but no heavier than their nonniycorhizal, uninoculated. checKs ; 
while in the partial or complete nutrient media Nos. 2, 3, 4, 5, 8, 10, 
and 11, plants from inoculated cultures gained in weight over corre¬ 
sponding check plants without developing mycorhiza to any extent. 

(5) In order to enter the roots freely the fungus must bo partially 
starved, or the roots must be growing satisfactorily in the medium, 
or both. 

(6) Absence of carbohydrates in the medium favors infection. 

(7) Cranberry roots are so sensitive to the medium in which they 
are growing that caution must be exercised in attributing root or 
plant response to a single factor of the complex plant-medium-fimgus 
association. 

Similar changes in root and plant responses are brought about by 
the cranberry fungus in culture media prepared from extracts of plant 
substances. For example, corn-meal agar was detrimental to the 
growth of cranberry seedlings. The plants remained small, leaves 
were yellowish green, and the roots stopped growing abruptly whore 
they touched the agar, but produced dense mats of reddish-brown 
branches along the sides of the tubes away from the agar. In tlie 
inoculated series plants were nearly twice as tall, leaves were larger 
and greener, and root development took place almost entirely within 
the agar. In rnalt-extract agar roots were incapable of penetrating 
the uninoculated medium and invariably produced jet-black tubercular 
or nodular structures where they touched it. Inoculated plants 
lacked both the blackening and tubercuJarization, though roots did 
not penetrate into the agar. 

In another scries of experiments the ground-cork and sand mixture 
described by McArdle {15^ footnote p. SOI) was used as a medium 
instead of agar. Test tubes were filled to a depth of 6 cm, a small 
amount of the nutrient solution recommended by McArdle was added, 
and the tubes wore autoclaved and inoculated with the cranberry 
fungus on December 1, 1932. By February 4, 1933, mycelium had 
penetrated about 1 cm in the tubes. Single sterile plants, which had 
been planted on standard agar (p. 819) 4 weeks previously as a test 
for sterility, were then transferred to a number of the tubes. Typical 
hyphal complex infection was present in roots when the first examina¬ 
tion was made on March 14, and before the end of the month most 
of the roots were heavily infected. Root elongation soon ceased, 
and the tips enlarged and turned brown. Most of the tubes had 
dried out when the experiment was concluded April 12. In those 
tubes that were still moist, the roots had penetrated only 1 cm and 
lateral roots were short and stubby; but numerous new branches 
were breaking through just behind the arrested tips, some of which, 
not more than 3 mm long, were already mycorhizal. Root growth of 
plants in the uninoculated test tubes was entirely similar, except that 
m no instance was hyphal complex infection present. It was evident 
that in both lots some condition of aeration or chemical composition 
was not entirely favorable to root growth. 
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Root growth comparable in type and extent to that occurring in 
normal cranberry soil (peat) was Mally attained, but not under pure- 
culture conditions. On March 3, 1933, ten 2-inch pots were partly 
filled with the cork-sand mixture and sterilized. Then, without at¬ 
tempting to maintain sterility further, inoculated cork-sand mixture 
from the December 1 cultures was added, and 10 seeds, transferred 
directly from surface-sterilized berries, were planted in each pot. 
Ten similar uninoculated pots were prepared. The two lots were 
placed some distance apart on a bed of coarse cinders on a greenhouse 
bench, sprinkled with tap water, and cared for in the routine manner, 
except that after germination a liberal application of nutrient solu¬ 
tion (p. 828) was given every tenth day. Seed germinated and grew 
similarly in the two lots. On May 2, 12 inoculated and 6 check 
plants were removed and carefully washed, after which the root 
systems were accurately traced under an enlarging camera. All 
roots of the 18 plants were then examined under the microscope for 
myciorhizal infection. 

Mycorhiza formed in all 12 inoculated plants. Practically all roots 
w{ue infected throughout excei3t near the growing points and occa¬ 
sionally deep in the pots, the general distribution and abundance of 
mycorhizal cells being very vsimilar to naturally infected roots grow¬ 
ing in peat. The roots of the check plants were entirely free from 
hyphal crmiplexes, though external hyphae of contaminating fungi 
frccjiKUitly grew along and around them. A careful comparison of 
the root systems failed to disclose any consistent differences in amount 
or t\^po of branching f>r extent of development between inoculated 
and check plants. The roots of both lots wore bright and clear 
throughout, exhibiting no symptoms of repression such as had de¬ 
veloped when plants were grown in test tubes. A typical inoculated 
plant is illustrated in plate 6, B, 6; an uninoculated plant grown in 
cork-sand mixture in 7i, a; and, for comparison, an inoculated plant 
grown on distilled water agar in JB, c, and a normal peat-grown plant 
of the same ago in /i, d. 

The final answer to the question whether mycorhiza formation is 
indispensable to the host will not bo known until plants have been 
carried to the fruiting stage in an aseptic environment in the presence 
and in the absence of endophy^tes. This has not been accomplished 
with the cranberry or with any other species of the Ericaceae. It is 
submitted that the evidence presented definitely establislu^s the 
fungus used in the experiments as the one which produced hyphal 
complexes in roots from which it was isolated, (liven the true en¬ 
dophyte, the next step toward solution of the problem wdll be to find 
a sterilizable medium in which both roots and fungus will grow nor¬ 
mally under aseptic conditions. The extreme sensitivity of cranberry 
roots to their environment w^as conspicuous throughout the experi¬ 
ments just described. Friosleben (»9, 10, 11) has shown that roots of 
numerous other heath plants w-ill not develop normally in heat- 
sterilized peat soils. 

SYNTHESIS EXPERIMENTS WITH THE ENDOPHYTES OF CHAMAE- 
DAPHNE, LEDUM, AND VACCINIUM CANADENSE 

In several of the agar-culture experiments reported above, parallel 
series of cranberry seedlings were inoculated with the endophytes of 
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Chamaedaphne, Ledum^ and Vaccinium canadense. It was found that 
the three fungi weife capable of entering epidermal root cells almost as 
readily as the cranberry fungus and that they produced similar 
hyphal complex structures, distributed along the roots in a similar 
manner, without appearing to be injuriously parasitic to the plants. 
Except in water agar, striking changes in plant and root growth were 
likewise brought about by inoculating the medium, although the four 
fungi did not always induce similar responses in the same medium. 

Minor differences, correlated in large part with mycelial characteris¬ 
tics, were discernible in the hyphal complexes. For example, the 
Vaccinium canadense complex was always somewhat dark in gross 
appearance, owing to tlie color in hyphal walls (pi. 7), and the C%amae- 
daphne (pi. 8) and Ledum (pi. 9) complexes were more hyaline than 
those of tne cranberry and F. canadense fungi because of thinner hyphal 
walls. Nevertheless, observed separately, any one of the three would 
readily pass for typical mycorhizal infection (pi. 10). There appears 
to be no reason to doubt that in nature these three fungi, and probably 
others as well, if present in the soil, could enter into mycorhizal union 
with the cranberry. 

Friesleben (P, 70, 11) reported results similar to these in his experi¬ 
ments, but Kayner and Smith {24j 2(>2) found a high degree of 

specificity with Phoma radicis strains. 

CONCERNING PHOMA RADICIS 

Rayner^s hypothesis of mj^corhizal relations in the heath family has 
held so conspicuous a place in the literature that her views should be 
given full consideration in discussing the subject. Briefly summed up, 
her hypothesis, with its implications, maintains that: 

(1) The mycorhizal fungus of the heath famil^y is Phoma radicis^ a 
fungus which has specific strains closely restricted to the various 
members of the family. 

(2) This Phoma ramifies through the entire plant organism—roots, 
sterns, leaves, flowers, fruits, and seeds. In Cnllvna infection of the 
seed is limited to the coat, while in Vaccininm the mycelium advances 
into the endosperm. 

(3) Heath plants therefore cannot escape being infected in nature. 

(4) In endosperm-infected species it is impossible to secure plants 
free from infection by any of the ordinary methods of seed sterilization 
{2Up.63;22,p.S81). 

(5) The mycelium exists in two dissimilar forms in the plant: {a) 
Normal-sized hyphae, easily visible under the microscope, develop 
intracellularly in roots (hyphal complexes) under suitable environ¬ 
mental conditions; they may arise from the other form of mycelium 
present in the root, but more often they represent new infections from 
the soil. (6) The hyphae in the systemic form of infection, in roots 
as well as in above-ground organs, are generally so attenuated in size 
that a specialized technique is required to make them visible. They 
form "'a continuous network of mycelium in the middle lamellae of 
walls’' {20, p, 282) and are ^^closely associated with the cell walls, 
pass[es] freely in and out of the cells” {21, p, 62). They sometimes 
occur in relatively large strands in intercellular spaces of leaves and 
stems {17, p, 116 et seq.). 
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(6) Seedlings will not produce roots unless infected with Phoma; 
root formation per se is proof of infection. In this sense the myco- 
rhizal relation is obligate to the host. 

Each of these points will now be examined critically. 

(1) Is Phoma radicis the mycorliizal fungus of all litmth plants? In 
the author^s experiments, four fungi, microscopically observed to 
originate from intracellular hyphal coinjilex liyphao in roots of four 
heath species, reproduced the same type of infection when inoculated 
into roots of plants grown under completely controlled conditions. 
The four fungi entered cranberry roots with almost equal facility, and 
the plants were not injured by their presence so far as could be deter¬ 
mined, i. e., there was no evidence of ordinary parasitism. Cultural 
characters proved conclusively that the four fungi were distinct from 
one another and from Phoma radicis. Christoph (^), Doak (7), and 
P^riesleben (9, JO, 11) reported similar nisults with other ericaccous 
species. If the term ^^mycorhiza'^ is to be applied to the hyphal 
complex union of fungus and roots in the heath family, Phoma radicis 
is not the fungus involved in the cases cited, nor is the ability of one 
fungus species to form mycorhiza restricted to a single host species. 

(2) The question of systemic infection by rnycorhizal fungi in 
the heaths has been a matter of controversy, as is indicated in the 
review of literature. In the present investigations systemic infec¬ 
tion in either the check or inoculated plants could not be verified 
despite thorough search in both fresh and fixed material handled as 
nearly as possible according to Rayner^s published methods. Exami¬ 
nation of a large assortment of prepared slides from healthy stems, 
buds, flowers, and young berries made in connection with a liistological 
study of the cranberry false blossom disease also failed to disclose a 
single authentic instance of infection by ^‘fino hyphae.^' (Christoph 
(6)f Knudson (J>{), and Friesleben (10) were likewise unable to find 
evidence of this type of infection in their material and held that the 
objects which Rayner called mycelium w^ere most probabl}^ artifacts 
resulting from fixation or staining; but Rayner (IS, maintained 
that the inadequate teclmique of Christoph and Knudson prevented 
detection of the mycelium. She has not as yet commented on 
F^riesleben's findings," 

Some of the writer^s material was submitted for examination to 
Dr. Ruth M. Addoms, who has conducted investigations on cranberr3’^ 
mycorhiza (J, 2), and her report is here quoted in part: 

Following are my notes on your cranberry cultures, which I have examined with 
some care: 

(Al) [Water-agar cultures inoculated with the cranberry fungus].—Roots long 
and red: fungus present externally and in epidermal cells. 

(A2) [Water-agar check for above, not inoculated].—No infection; not red. 

(Bl) [Water-agar cultures inoculated with cranberry fungus, younger culture 
than above).—Roots red, much branched, infected. 

(B2, C2, and D2) [Uninoculated cultures on water agar, serving as checks for 
Bl, Ci, and DlJ.—Roots poorly developed, stems longj no infection. 

(Cl) [Water-agar cultures inoculated with Vaccinium canademc fungus].— 
Roots not very long and blackish, heavily infected; fungus much coarser and 
browner than cranberry fungus, with longer cells; some fungus on surface of stem. 

(Dl) [Water-agar cultures inoculated with Ledum fungus).—Roots not very 
long; definitely infected. 

As these notes show, I have not found infection in your check plants. Also I 
nave not found the fungus within the cells of the stem, although this part of my 
examination has been less thorough than my study of the roots. 
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Evidence of a dilferout sort, though somewhat indirect, may be 
cited. At diifcrent times Kayner has reported isolating Phoma radicis 
from immature fruits as well as from seeds of Calluna; in fact, judging 
from a careful perusal of her publications, her isolations have invariably 
come from above-ground plant parts; but when working with the 
cranberry (21)^ to her surprise she failed to find the fungus in seed 
cultures, a result, incidentally, confirmed by the writer (p. 819). The 
United States Department of Agriculture has conducted investigations 
of cranberry diseases continuously for 30 years, in the course of wliich 
cultures have been made from more than 100,000 individual berries, 
including a considerable number that wore sound and immature, as 
reported by Shear (2Sj 29^ 30)] Shear, Stevens, and Bain (31)] Rudolph 
and Franklin (27)] Stevens (33)] Stevens and Bain (34, 35, 36)] Bain 

(3)] and Bergman and Wilcox (5), Phoma radicis has not appeared 
once in all those cultures, a circumstance that appears incredible if 
the fungus is invariably present in the fruit tissues and grows as 
readily on ordinary culture media as Raynor’s jniblications indicate. 

It appeal's to tlie writer that the weight of evidence is distinctly 
against either Phoma radicis or true mycorhizal fungi occuning sys- 
temically in the cranberry. 

(3) Universal infection would be inevitable only in case systemic 
infection were invariabh^. In the writer’s opinion, heath plants in 
general are mycorhizal because humus-inhabiting fungi of diffenuit 
species, capable of entering into the relation, are widely disseminated. 

(4) The assumed impossibility of growing seedlings free from sys¬ 
temic infection is also based on universal invasion of seeds. However, 
mycorhizal infection, applying the term in its ordinary sense to the 
union of fungus and root (the hyphal complex relation in the case of 
heath plants), is quite another matter, and heath plants may be grow n 
entirclv free from the fungus or fungi involved, as has been demon¬ 
strated by the WTiter and by Stahl (32), Christoph (6), Knudsoii (13, 
14), and Friesleben (9, 10, 11). 

(5) No proof has yet been advanced that Phoma radicis assumes tw o 
different forms in difl'erent parts of the plant. The intracellular 
hyphal complex structures in roots, wliich Rayner attributes to Phoma^ 
are produced by other fungi in Calluna (6), Vaccinium corymhosum 
and V. pennsylmnicum (7), V. myrtUlus, V. vitis-idam, and V. uligi- 
nosum (10), and V. macrocarpon. 

(G) The hypothesis of obligate relationship in the heaths was 
advanced to explain certain definite results obtained in a series of 
experiments, and its validity depends upon how completely and exclu¬ 
sively it meets observed conditions in its own and related fields. In 
the experiments on wdiich it was foimded (17) plants ^owii in agar 
cultures from “adequately” sterilized seed of CaUuna failed to produce 
roots until inoculated with a fungus derived from the fruit (or seed?) 
of the plant. Examination of the plants disclosed systemic infection 
by extremely attenuated hyphae in the inoculated series but no infec¬ 
tion in the other lot. The fungus was therefore considered to be the 
stimulative factor bringing about root formation. To further strength¬ 
en the hypothesis, numerous cases of natural systemic infection in the 
same and related plants have been described subsequently, and in the 

f enua Vaccinium (21') o, similar series of agar plantings was made, 
lants from seed sterilized in a manner which would have prevented 
root formation in Calluna here produced roots; but systemic infection 
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Plate 9 



Synthetic mycorhiwi in wuter-apar culture of cranlicrry, produced by Ledum endophyte *1, Distribution 
of infected cells, X 375. JW, detailed structure, X 750. 
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Plate 1 



Natural rnycorhiza in cranberry .1, Distribution of infected cells, X .'iTf), B, detailed structure. X 1.2,50 
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was also present, the fungus having come from observed mycelium of 
the same type in the endosperm of resting seed. The coincidental 
development of roots with infection in these plants was cited as cor¬ 
roborative evidence of the obligate relationship. 

Opposing this interpretation, Knudson (f5, H) and Frieslebon (5, 
10, U) attributed root suppression in sterilized media directly to an 
inhibitory factor existing in the substratum. In justification of their 
stand they have shown that if a given lot of sterilized seed is planted 
on two substrates differing in specified chemical or biochemical make- 
iij), root growth is suppressed on one medium but not on the othei. 
Such resiuts would not be expected according to Kayner's hypothesis of 
root stimulation, because (1) if the sterilization were severe enough to 
completely eliminate seed-inliabiting fungi, roots should not develop in 
either lot, while (2) if the mycelium were not eUminated, both lots 
should produce roots. In the writer's opinion, the evidence for the 
cranberry is less convincing in tliis respect because the rooting capacity 
of the cranberry is too great to permit complete root sup])ression as 
long as any part of the stem is alive; but the roots are nevertheless 
(ixtrernely sensitive to the composition of the substratum. 

The other phase of the obligate hypothesis, namely, actual existence 
of systemic infection, has been discussed above. Until the invariable 
existence of systemic infection is more conclusively demonstrated, and 
until there is more definite proof that root suppression is due solely to 
lack of such infection, the hypothesis of obligate root stimulation by 
fungi in tiu' lieath family cannot be considered valid. 

SUMMARY 

Mycorhizal fungi were isolated from ‘‘hyphal complex" cells in roots 
of four ericaceous species— Vaccmhim macrocarpon, V, canadense, 
(liarnaedaphne calycnlaia, and Ledum groenlandicinn —a distinct 
type from each species. 

The four fungi have not fruited in culture and hence could not be 
identified. They were obviously specifically distinct from each other 
and from Phoma radicis. 

All four fungi produced the hyphal complex form of myeorhiza in 
cranberry seedlings grown in sterilized agar. The cranberry fungus 
also produced myeorhiza in cranber^ seedlings when the latter were 
grown in an inoculated artificial soil composed of ground cork and 
sand. The hyphal complex form of myeorhiza was completely lacking 
when the plant cultures were not inoculated with the endophytes. 

There was no evidence of injmy due to parasitism after the seedlings 
were inoculated with the fungi. 

In agar cultures the cranberry fungus entered into the mycorhizal 
relation much more freely if carbohydrates were wdtliheld from the 
medium. 

Seedlinp grown in nutrient-free distilled-water agar derived no 
measurable benefit from the presence of myeorhiza. 

Cranberry roots were extremely sensitive to the composition of the 
substrate. Their growth was more or less suppressed on nearly all 
nutrient agars tried. 

Some nutrient agars were rendered still more toxic to roots when 
the endophytes were introduced into the media; others were made 



Vnl. 66, no. 11 


834 Journal of Agncvltural lteffearch 

decidedly less toxics. These chajiges in the media were not correlated 
with mycorhizal infection. 

Systemic infection of the type attributed to Phoina radicis by 
some investigators could not be found either in the seedlings or in 
prepared slides from field-grown material. 

The hypothesis of systemic infection by mycorhizal fungi and of 
its obligate relationship to root formation in the heath family is 
examined critically. It is shown that the hypothesis fails to conform 
to observed facts in some important respects. 
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THE LOSS OF CAROTENE IN HAYS AND ALFALFA MEAL 
DURING STORAGE* 

By Edwaud a. Kane, assistant chemisif Herbebt G. Wiseman, assistant chemist, 

and C. A. Cary, senior chemist, Division of Nutrition and Physiology, Bureau of 

Dairy Industry, United States Department of Agriculture 

INTRODUCTION 

For several years it has been recognized that the amount of carotene 
in plant materials is a measure of their vitamin A potency. This has 
been demonstrated best probably in the case of alfalfa hay (7).'^ It 
is also known that carotene is frequently deficient in farm rations 
(B, 14, IB). From an eyonoraic standpoint, therefore, it is im¬ 
portant to know the conditions tliat influence the carotene content 
of farm feeds, especially of such feeds as alfalfa, timothy, and clover 
hays, which frequently furnish very nearly all the carotene in dairy 
rations, and which may, or may not, be rich sources of this factor (20). 

This })a})cr presents the results of experimental w^ork conducted to 
detcrmiiK^ the rate of loss of carotene in alfalfa and timothy hays and 
in alfalfa meals during storage under practical conditions at clilferent 
seasons of the year. As the natural green color, which is used as a 
fjudor in the grading of market hays, is in general a most useful index 
of carotene (Hmtent (20), the change in color that occuired during 
tlu^ storage of some, of these hays was noted, and the results are 
included in this paper. 

(\)nsiderable work luis been done on the oxidative decomposition 
of pure carotene under various conditions. It is unnecessary to 
revi(»w this work here except to say that, although a number of oxida¬ 
tion inodiicts with vitamin A activitj^ have been artificially prepared 
from carotene (4, 12, 13), the only naturally formed decomposition 
jiroducts that seem to have been tested for biological activity were 
tested in this laboratory and found to be inactive. There has, how^- 
ever, been work in otlier laboratories on the losses of carotene in the 
making and preserving of hays and meals by various methods; a 
review of this w^ork may throw some light on the conditions that 
affect these losses. 

REVIEW OF OTHER INVESTIGATIONS 

Kussell, Taylor, and Chichester (19) showed that carotene dis- 
ap})ears rapidly from freshly cut plant materials. They observed a 
loss of 80 percent of the carotene in alfalfa during the first 24 hours 
of drying in the field. Similar losses have been noted by Hauge and 
Aitkenhead (9) and by Guilbert (5) and others when alfalfa w^as dried 
in the sun. Work wdth alfalfa, reported by this laboratory (20), 
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shows that market hays frequently contain only one-tenth to one- 
fifth as much carotene as is ordinarily found in the growing plant. 

A number of investigators have compared various methods of 
treating alfalfa to determine the conditions that affect the destruction 
of carotene, Russell {lS)y in his earlier work, found that leaves from 
alfalfa hay that had been quickly dried in a tunnel drier at 127° to 
129° C., had more than seven tiines the vitamin A potency of leaves 
from a ^‘poorly cured,^^browmish gicen’^ hay that had been dried 
by exposure for several days in the field. In later experiments he 
and his coworkers {19) found that in two freshly cut samples of alfalfa 
dried either in a tunnel drier or in a rotary machine in which the 
material was momentarily exposed to a mucli higher temperature 
(650° to 750° C.), the carotene content per unit of dry matter was as 
great as that of freshly cut material, and 2 to 10 times as great as 
that of samples from the same hay that hail been dried in the field. 
The loss of caroteiu^ in the field-dried liay was particularly rapid 
during daylight. 

In the work of Hauge and Aitkenhead 09), and in later experiments 
by Hauge (5), it was found that, if freshly cut alfalfa was first auto- 
(‘laved, there was no destruction of carotene when it was dried in the 
sun. Hauge and Aitkenhead also found that the autoclaved material 
did not lose carotene when incubated subsequently; whereas, when 
unautoclavcd material was inc\ibated, it lost carotene at a rate which 
increased as the temperature of incubation was increased from 4° to 
27° C, They attributed the loss of carotene during the drying of 
alfalfa in sunlight to the action of enzymes the activity of which was 
increased by the higher temperatures produced by the sun’s rays. 

Guilbert (5) also found evidence of the presence of enzymes of this 
nature in alfalfa, but his results differ in several respects from those of 
Hauge and Aitkenhead. His analytical procedure, although it dif¬ 
fered somewhat from theirs, would be expected to give similar results, 
Guilbert found that samples of alfalfa leaves that had been artificially 
dried by methods that should have destroyed any enzymes present, 
still lost carotene at a rapid rate when exposed to sunlight, and lost a 
considerable quantity even when standing in the dark. Alfalfa leaves 
that had been dried in vacuo at 100° C. lost 6.8 percent of their caro¬ 
tene when allowed to stand in the dark for 12 hours at 65°; and other 
leaves, similarly dried, lost nearly 10 times tins amount when exposed 
to sunlight for the same length of time at the same temperature. 
Autoclaved samples of alfalfa lost 26.5 to 53.8 percent of their caro¬ 
tene when subsequently dried in sunlight, whereas unautoclaved 
samples that were directly dried in sunlight lost 46,6 to 69.5 percent. 

In work with alfalfa meals, Guilbert also reports an artificially 
dehydrated sample which lost 83.3 percent of its carotene when ex¬ 
posed to sunlight for 40 hours. He compares the keeping qualities 
of the carotene in meals made from sun-dried and artificially-dried 
samples from each of three lots of alfalfa. In one lot the method of 
drying had no effect; in the other two, the losses of carotene were 50 
percent greater in the artificially dried samples. The losses of caro¬ 
tene in these meals varied with the temperature at wliich they were 
stored. In a meal stored at 0° to 5° C., no loss was detectable in 
8 weeks; in one stored at 20° to 30° about 30 percent was lost in that 
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time. Guilbert also determined the loss of carotene with three sun- 
dried samples of hay that were stored in the dark. They lost 9 per¬ 
cent of their carotene from November to April, and 30 percent from 
April to August. 

The results recorded in the present paper have been presented in 
part before various groups, and abstracts of these reports have been 
published (fO, 20j 24), In connection with various feeding experi¬ 
ments in this laboratory, a considerable number of market hays have 
been analyzed for carotene. Whenever in a lot, or purchase, of hay a 
bale has been found in w^hich the hay showed evidence of fermenta¬ 
tion such as a ^^caked^’ or ^^set’^ condition, or a '‘ground,^' ‘^tobacco,^^ 
or ^^sweated’^ odor, the carotene content has been decidedly lower 
than in bales in which this condition did not exist (20 ). As is well 
known, this spoilage, which is the result of bacterial action, is due to 
excessive moisture in the hay during storage. Woodward has studied 
this problem {2o). 

The fineness to which a hay is ground may also affect the rate of 
loss of carotene both in the preparation of meals and during subse- 
(pient storage. In grinding hays to a fine powder in a ball mill, a 
considerable part (average about 25 jiercent) of the carotene is lost, 
and the powdered material loses carotene very rapidly during subse¬ 
quent storage (23). This does not occur, however, when the hays 
arc ground in a Wiley mill e(|uipped with a sieve with holes 0.5 min 
in diameter. 

From the foregoing statements it is evident that the destruction of 
carotene may pro(‘eed in hays in which all enzymes presumably hav(' 
been destroyed. Loss of carotene occurs even when these hays are 
in the dark, and is accelerated greatly by exposure to sunlight, by an 
increase in the temperature at which they are allowed to stand, and 
by conditions favoring bacterial action in the hay. In considering 
the factoi-s that influence the rate of destruction of carotene in hays, it 
must be borne in mind that pure carotene itself is oxidized on standing 
in air (22)^ that the process is much more rapid in sunlight, at higher 
temperatures, and generally when impurities are present (i?, 3). 
Kvidence exists that the destruction of carotene in such preparations 
may be autocatalytic (22)j or may be influenced by a number of 
catalysts (3) and anticatalysts or antioxidants (/, 3, 21). The process 
in hays, therefore, would be expected to be quite complicated and 
possibly quite variable. 

EXPERIMENTS IN STORAGE OF HAYS 

The hays used in this experiment were stored in bales in a dark, 
unheated bam loft at Bcltsville, Md., and analyzed from time to time 
for (‘arotene according to the usual procedure in this laboratory (1?\ 
pp, 461-462), The maximum and minimum outside daily temper¬ 
atures were read and their average was taken as the ‘‘mean daily 
temperature.^^ These mean daily temperatures were averaged to ob¬ 
tain the mean temperature for the periods of storage. The rate of 
loss of carotene in percentage per month was calculated by means 
of the equation .^4(100—in which x represents the rate, A 
and B are the initial and final carotene figures, respectively, for the 
period of storage, and m is the length of the period in months. 
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LOSS OF CAROTENE DURING STORAGE AT VARIOUS TEMPERATURES 
Alfalfa Hay 

The results of the experiment with alfalfa hay are shown in table 1, 
in which the percentage rates of loss of carotene per month are 
arranged in three groups according to the mean temperature during 
the period of storage. These three groups include samples stored at 
the following mean temperatures: (A) At 7.2° C. or loss, (B) at 7.2°+ 
to 18.9°, and (C) at above 18.9°. Group A represents the tempera¬ 
tures that prevail at Beltsville, Md., during December, January, 
February, and frequently in March and November; group C the 
temperatures during June, July, August, and to a considerable 
extent in September ; and group B the usual temperatures during the 
fall and spring months. 


Table 1. —Carotene content of alfalfa hays at different tunes during storage, per¬ 
centage loss of carotene per month, and effect of temperature on this loss 


SainpU^y of luiy • Cluhoiahjry 
(losipmiljoii) 


MfalCa I S No I 
L(!l. 60, luvlo I 

T-»>arii, bales 101, 102 

C-barn, bale 110 - . 

67, bjiles 111, 112 

l/)t 68, biik‘> 117. IIH 

Lot 60, bales i, 1' , 

J.ot60. bale :i . . 


1 



Mean 

tempera- 

T/Oss of carotene po 
at temiwratiires im 

Dab* of 

C’aiotene 

amdy.sis 

content 

tnre since 
preceding 
anal.v.sLs 

A, 7 2® (5. 
or less 

B, 7 2®-f 
tol8 9®C 

1 

i 


Xftlli’ 




! 

i 


f/raniH per 
kdoifrnyn 

0 f . 

Pneent 

/Vrrf n1 

(Mar 

26, IIKW 

37 1 


- 


! .May 19, \m 

,31 5 

12 2 


,4. 9 

s.I line 

8.1933 

31 4 

19 4 



July 

21.193;t 

22 5 

20 0 



Aug 

19.19;« 

H> 0 

24 4 



Nov 

10, im 

121 0 



- 

.lulv 

2.6.19.34 

62 1 

9 4 


8 0 

Nov. 

19.1934 

40 2 

10 1 


:i 1 

Apr. 

8. 1936 

3 33 4 

(4.9 

0 7 


June 

18.1936 

29 8 

1.) 0 


4 s i 

Aug 

29,1936 

22 9 

23 3 


I 

Jan 

4,19.34 

33 4 


_ 


Feb. 

14,19:il 

32 2 

-0 0 

2 (» 

1 

July 

2fi, 19.34 

21 0 

1.4 9 1 


7 0 ! 

1 Nov. 

19, 19:44 

19 0 i 

10 1 1 


2 0 i 

1 Apr. 

«. 1936 

10 3 ! 

3 9 j 

;{ .4 


i June 

1.6, 193.6 

1.3 2 ; 

14 4 


8 8 , 

1 Jan, 

29, I9:i4 

,30 .6 

1 

1 


JuJ.v 

HI, 19.34 

10 7 I 

12 2 i 

- -! 

9 8 ! 

Nov 

20.11«4 

13 9 1 

10 7 1 


4 3 1 

A pi 

9. 1936 

‘ 12 .6 i 

3 9 1 

2 3 ; 

! 

June 

1 4, 19.36 

3 to 0 ! 

1.6 0; 


7 3 i 

Mar 

22, 11W4 

:48 0 ; 

1 

1 

1 

July 

6. 1934 

25 2 

10 1 I 

1 

112 ; 

.Nov 

20.1934 

< 15 8 j 

17 K 

- 1 

9 9 t 

.Mar. 29.193.6 

10 0 1 

3 9 

-1 0 ' 

1 

(June 

12,1936 

14 4 ! 

13 9 


4 2! 

Aug 

27,19.34 

28 2 




Jan, 

24,19:« 

21 1 ! 

9.4 


6 8 1 

(jytar. 

29, 1935 

20 2 1 

3 9 

2.0 


June 

22, 1935 

17.6; 

1.6 0 


.6 0 ; 

Aug. 

30,1935 

13. 0 1 

23 3 


1 

Oct. 

3,1934 

37 8 



■ I 

.Ian. 

18.193.6 ! 

29 5 

7.2 

ok! 


{Mar 

29,19:45 

27 2 

3 9 


... *’ ' 

June 

13, 19:45 

25.5 

13.9 

3 4 j 

.2 5 1 

(Aug. 30,1935 1 

19.1 1 

23.3 


1 


(’, above 


l*tTcn}t 


l.i H 
20 8 
20 S 


10 6 


10 6 


« Ha>b graded by representatives of the Division of Hay, Feed, and Seed, Bureau of Agriculttiral Eco¬ 
nomics, Each ‘dot” of hay is a seiarulo purchase. 

* Data are arranged in 3 groups according to the temperature ranges indicated and depending upon the 
mean temperature at which the sample was stored during the period since the preceding analysis 
Average temperature for 193.3-35 at Beltsville, Md.: For winter months (December, January, February), 
0.9® C.; for cool fall and .spring months, 8.3®, for warm fall and spring months, 12.2®; and for summer 
months (June, July, August), 22.4®. 

31 bale during this period was stored in the attic of the laboratory. This attic was unheated, hut prob¬ 
ably was warmer than the barn loft during the winter. 

< I of triplicate determinations omitted; probably some destruction of carotene In it. 
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Table 1. —Carotene content of alfalfa hays at different times during storage, per- 
centage loss of carotene per month, and effect of temperature on this loss —Continued 


Samples of hay (laboratory 
designation) 


Alfalfa hay, X'. S. No 1- (’ontinucd. 


Lottt4.10 bales*.. . 


II, O., bale 1.. 

H. O., bale la. 

Alfalfa hay, U S No. 2 
II () , bale 2 

11 O., bHlc2fi 

l^»t M, bales 114. U-i 

Alfalfa ha>, U S .\o ,1 
Lot 01, bales J, 2 

L»)l 01, bale :i. - 
A venige .. 


Uat« of 
analysis 

('‘-arotene 

content 

Mean 

tempera- 

Loss of carotene per month 
at temperatures indicated 

tiire since 
preceding 
anal y.sis 

A,7.2°(L 
or less 

B, 7.2®4' 
to 18.9® C. 

r, above 
18.9® C. 


mm- 






grams per 






kilogram 

® r. 

Percent 

Percent 

Percent 

NTov. .n,l«34 

43 4 




. 

Feb. 13,193.5 

3K 5 

2 8 

* 3 6 



Apr. 15,193.5 

34.0 

7.2 

'•5 8 



June 21,1935 

29 3 

16.7 


* 6 5 


Sept. 9,1935 

17.2 

23 3 



18. J 

Jafi. 14,1935 

41.3 



_ 


Mar. 30,1935 

39.0 

3 .3 

2 2 

_ 


June 21,1935 

28.3 

15 0 


10 9 


Aug. 30,1935 

16.5 

23 3 



20 U 

fJan. 15,1936 

81 8 1 



__ 

. 

jMar. ;«), 1935 

72. 5 

3~3 

4 7 



lJuue 21.1935 

.54. K 

15 0 1 


9 6 


Aug 29,193.5 

30 0 

21 3 1 

... 


1 2:.:, 

/Jail. 31,19:15 

14 1 1 




! 

lApr .5,193.5 

14 6 1 

,5~6': 

-1 0 



iJan. 31,19:i5 

12 4 





ilMar. :40,19.35 

12 7 1 

“ ■' 5 ' 6 ‘i 

'-1 0 


i:... 

(Kcb. 2, J9:i4 

n 4 

j- 




iJuIy 2f», mu 

7 6 

12 2 

_ 

>>.8 


1 No\ 20. 1934 

5 4 

16 1 


8 0 

1 

llApr. Ifi, 19:i5 

7 

1 3 41 

2 K 

1. „ - 

L 

1/ Aug 2 H, 1934 i 

7 0 

j 




,IA|»r 19. iwr. 

1 5 3 

! " ^ 


. 3 5 

- 

i/Sop( 20,1934 

1 8 7 



L - 


ilApr .5,19:15 

i 9 .5 

r 6 1 

-1 0 



I ._1 . 

.. 

i-.i.‘ 

” 26 ' 

! 6 0 

! 17.8 


' I bale during this i>eriocl v as stored in the attic of the laboratory. This attic was unheated, but prob 
ably was warmer than the barn loft during the winter. 

' Same 10 halos used throughout except on Nov. 1934. 


It will bo noted that the rate of loss of carotene during storage varied 
greatly with tlie difierent hays in each group shown in table 1, and 
that tlie average percentage loss per inontJi with eacli group varied 
with the temperature at which the hays were stored. The rate of 
change in carotene content ])er month with the hays in group A varied 
from an increase of 1 percent to a loss of 6.8 percent; in group B, the 
loss varied from 2.5 to 11.2 percent; and in group C, from 10.5 to 29.8 
percent. The average losses of carotene per month in tliese hays were, 
respectively, for group A, 2.6 percent; for group B, 6.6 percent; and 
for group C, 17.8 percent. Of the hays in group (\ the average rate 
of loss of carotene for those that WTre stored the first summer after 
cutting was 21.1 percent per month, and that for the few samples 
(T-barn, bales 101 and 102; lot 59, bales 1 and 2; lot 59, bale 3) in 
storage the second summer after cutting was 11.2 percent per month. 

These data for the loss of carotene during the storage of hays in 
the summer months indicate that the rate of loss of carotene under 
conditions otherwise comparable may possibly decrease wdth the age 
of the hay; but the errors and variations in determining such data are 
too great to permit a clear demonstration of this fact. A loss of 
carotene of 17.4 percent between November 16 and November 30, 
1933, was observed with the hay marked T-bam, bales 101 and 102 
This suggests that carotene may be lost at a very rapid rate in sun- 
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cured hays for some time after they are dried and baled. In none of 
the bales used in this experiment was there any evidence of fermenta¬ 
tion or spoilage. The differences in the rate of loss of carotene with 
different hays at the same average temperature may actually be due 
in part to differences in the keeping qualities of the hays, but it must 
be borne in mind that tJie figures are derived from differences in 
determinations tliat are themselves subject to considerable error, 
and that samples stored at a given average temperature actually were 
exposed at times to quih^ different conditions. 

Timothy Hay 

The data obtained on the loss of carotene in timotliy hay during 
storage are shown in table 2. It will be noted that the rate of de¬ 
composition of carotene during the storage of timothy hay is about 
the same as with alfalfa, and is similarly affected by variations in 
temperature. In 11 lots of timothy liay stored at teniperatures be¬ 
tween 6.0®+ and 18® C. the average loss of carotene was ().8 percent 
per month; in 24 samples of alfalfa hay similarly stor'd the loss was 
6.0 percent i)er montli. 

'VABhTj 2 .—(^(1) (Uertc ronU td of Innoth 1/ Ihu/h at ilijf('r( nt, lames during storage^ jier- 
cenlage Loss of earotene. per mouthy and effeet of temprralure on tins toss 


S«inplc‘.s of Imy (l,ihora((*ty dcsiniiHhoii) uii'l of 
atialjsKs ‘ 


('arop'ho 


■ Moan Inn j 
{ poratiirc | 
I sirico 
I prooialiiiK i 
, analysis ; 


Loss of mrotonc p<‘i 
nionfh ftl ti*nip(’ra 
turf's 2 nuJiratod J 

7 2^^ (’ or i 7 2" I to 
li'ss 


Lot 43, bales 107, 108 
Mar 1, 1934 . . 
July If), Iftrn 
Lol 44, bal(\s 1, 2 
Auk ‘28, IWM . 

Jan 3, 1936 .. 

May 1, 1936 _ 

Lot 44, bales 116. J Pi 
June 4, 1934. 

Keb 14. 1936 
May 2. 1936 _ 

Lot 46, l)alps, 1. 2, 3, 4, 6 
Oec. 11, 1934 . 

May 11, 1936. 

Dec 2, 1935. 

7.ot 46, bale fi¬ 
ner 11, 1934. 

Jail 26. 1936 . 

Apr 26, 1936. . 

Dec. 2, 1936 

Lot 4H, bales, 1, 2, 3. 4, 6 
Jan 18, 1936 . 

Apr. 18, 1936 .. 

Dec 4, 1936.. 

Lot 48, t)ale 6 
Jan 17, 1936 
Apr. IS, 19,36... 

Dec. 6, 1936... 
lA)t 39, bales 101, 102 
Jan. fi. 1934 
July Ifi, 19,34. 
lyot 42, bales 104, 1(J6 
Jan. 6. 1934 
July .6, 1934... 


1 MifligraniK 

1 pn 

j kihtgrn m 

(\ 

1 10 9 

13 9 

j 16 0 

9 2 


1 fi H 

’ 10 fi 

■ i\ 3 

0 

K •» 

t> 2 

12 8 

1 6 2 


i <, 


, IK 8 

6 1) 

, 11 7 

IT K ! 

. IH 4 


IH 1 

2 2 

17 0 

6 fi 

11 7 

17.8 

10 7 


9 Vi 

4 4 

7 0 

17 2 

1 10 3 


() 7 

4 4 

' t» 4 

17 2 ' 

0.2 

; 

! 4 6 

10 0 1 

: 9.0 


' 4 7 

9 4 1 


J*(rcfnt lUufvt 

.. i '♦ 


6 0 

4 0 

'<) 
10 7 

10 3 


Average . 


4 3 


fi 2 


^ Kach lot of hay is a sejiarate purchaM* 

n temperature for 193.3-36 at Beltsvillc, Md.: For winter months (Deceinlier, January, February 

09 C.; fOT cool fall anc^mnK months, 8.3 ,- for warm fall and spring months, 12.2®; and for summer moutm 
(June» Jwy, Augusp, 22.4®. 

in 2 groups according to mean temperature during periods between analyses. 
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Clovkr Hay 

One lot of clover hay was included in the experiment. On June 24, 
1934, it contained 16.8 me of carotene per kilogram of dry matter. 
On January 2, 1935, and April 15, 1935, the carotene determinations 
each gave 8.8 mg per kilogram. The average temperature for the 
total period of storage was 11.1® C., and the average percentage loss 
of carotene per month was 6.3 percent. In six lots of alfalfa that 
were stored at temperatures ranging from 9.4® to 12.8® C., the average 
loss of carotene per month was 6.6 percent. 

RELATION OF GREEN COLOR IN HAY TO CAROTENE CONTENT 

The writers have compared the decrease in green color during 
storage, as determined by hay specialists of the Bureau of Agricultural 
Economics, with the loss of carotene during the storage of several lots 
of alfalfa hay. In one lot there was a decrease in green color from 71 
percent to 56 percent—a loss of 21 percent of the natural color orig¬ 
inally present. The corresponding loss in carotene content was from 
32 to 13 mg per kilogram, or nearly 60 percent. With another hay 
a decrease in color from 69 to 54 percent - a loss of 22 percent—was 
ac<‘.ompanied by a drop in the carotene content from 38 to 14 mg per 
kilogram, or somewhat over 60 percent. A third lot of hay, which 
clianged from 55 percent color to 44 per(*ent—a loss of 20 percent — 
lost 70 p(^rccnt of its carotene content. Apparently tlio percentage 
loss of (*urotene is much greater than the corresponding percentage 
loss of natural green color “-about three times as great with the samples 
just cited. 


EXPERIMENT IN STORAGE OF MEALS 

For (be study of the loss of carotene during the storage of meals 
mad<» from alfalfa hay, several bales were taken from each of four 
lots, or ])urchases, of hay. The bales selected from each lot were 
similar in color and leafiness. One bale from (*ach lot was graded by 
hay specialists of the Bureau of Agricultural Economics, and dilTerent 
portions of it wen' ground by them in a hammer mill to different 
degrees of fineness, so that> the particles passed through ’4-, or 
^inch circular mesh screens during grinding. 

The color and the carotene content of these meals were then deter¬ 
mined, and the determinations were repeated from time to time during 
storage from about Ajiril 1, 1934, to October 1, 1935. Samples of 
the njcals were stored in individual bags in a dark, imheated part of 
a building in Washington, I). C. This place was somewhat more 
sheltered from the effect of outdoor weather changes than the barn 
loft leferred to above. The other bales from each lot of hay were 
stored in this loft and analyzed from time to time. The outdoor 
temperatures were read at Beltsville (near Washington, 1). C.); and 
the average temperatures for the periods of storage of the meals and 
the rates of loss of carotene dunng storage were calculated in the 
same manner as for the hay experiment. 

DETERMINATIONS OP CAROTENE CONTENT AND COLOR 

The results of the analyses for the carotene contTent of the meals, 
as determined from time to time during storage, are given in table 3, 

410ai~~38 -4 
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Table 3 .—Losges of carotene and green color during the storage of meals made from 

alfalfa hay 


Meiil 

prepared 

from 

bale 

no.— 


110 . 


119. 


109 


il3, ... 


Carotene content 

lletcntion of natural green color 


Meal ground to 



Meal ground to 


Date of 


pass— 


Aver- 

Date 


pass— 


Aver- 







analysis 


M- 

H- 

age 

ol)served 

H’ 

H- 


ago 


inch 

inch 

inch 



inch 

inch 

inch 



mesh 

mesh 

mesh 



mesh 

mesh 

mesh 



Milli- 

Milli- 

MWi- 

MUli- 







grams 

grams 

grams 

grams 







per 

per 

per 

per 



Per- 

Per- 

Per- 


kilo- 

kilo- 

kilo- 

kilo- 


Per- 


gram 

gram 

gram 

gram 


cent 

cent 

cent 

cent 

(Apr. 23,1934 

12.8 

13 5 

12 6 

12.9 

Apr. 11,1934 

35 

33 

30 

33 

Dec 16,1934 

8 2 

8 8 

7.6 

8.2 

Nov 20,1934 

34 

33 

29 

32 

iMay 21,1936 

6 1 

7.8 

5 4 

6 4 

Apr. 6,1936 

28 

26 

25 

26 

lOct. 14,1936 

5 0 

6 0 

5 0 

6 0 

Oct. 2,1936 

32 

26 

20 

26 

Apr. 26.1934 

43.9 

39 2 

38.1 

40.4 

Apr. 11,1934 

48 

47 

48 

48 

I Nov 30.1934 

29 4 

26. 6 

21.8 

26 6 

Nov 20,1934 

39 

39 

Xi 

37 

iMay 22,1935 

20 4 

10 0 

2 18.3 

19.2 

Apr 5.1935 

33 

36 

31 

33 

(Sept. 4,1936 

14 3 

14 8 

12.6 

13 9 

Oct 2,1935 

36 

34 

24 

31 

fMar. 28 and 
Apr. 9,1934 

} 43.9 

42.1 

3 45 3 

43.8 

Apr. 11,1934 

60 

54 

53 

.“WJ 

Nov. 24 and 
Nov 30,1934 

1 24 5 

24 4 

23.1 

24.0 

Nov. 20,1934 

55 

50 

48 

51 

May 21,1935 

^ 21 1 

2 19.4 

2 21.1 

20.5 

Apr. 5,1935 

43 

40 

41 

41 

lOct. 12,1936 

13.6 

13.6 

13 9 

13 7 

Oct. 2,1935 

45 

41 

39 

42 

[Mar. 28,1934 

24 0 

27 2 

26 6 

25 9 

Apr 11,1934 

5» 

62 

63 

5:4 

INov. 27,1934 

IG 3 

18.7 

18.3 

17,8 

Nov 20,1934 

42 

42 

42 

42 

iJune 5,1936 

12 3 

15.1 

14 5 

14 1 

Apr. 6,1936 

39 

41 

38 

39 

Sept. 6,1936 

<9 9 

10 1 

9 0 

9.7 

Oct. 2,1936 

39 

33 

40 

.37 


Green 
color 
of the 


19341 


iVr- 

cetit 


57 


1 The iwcentage of natural green color in the hay is not comparable v, ith that in the meals 
»Determined May 13. 

* Determined Apr 9 and Apr 16. 

< Determined Sept 4. 


Table 4 shows the total percentage loss of (‘luotene for the whole 
period of storage for each sample of meal. 

'J'ahli-: 1. 7\jlal percentage loss of carotene and grve7i, color in alfalfa Jticals during 
period of storage {abant Apr, i, to Oct, /, Htdo) 


Meal prcpHrcfl frouj h«v lialc rn> 


116 ... . . .. 

119 . . 

109 .. ... 

113. 


Average . 



l/oss of carotene in meal 

Lo.ss (»r green col<»r in niea''> 


ground to pjiss - 

grotind to pass- 

‘ no 

Is-inch ; 

j4-jnch 

'j4-inch 

J^-in<‘h 

!4-inch 

',< 4 -inch 


mesh 

ine.sh 

mesh 

me.sh 

mesh 

mesh 


Percent 

J*ercent 

Percent 

Percent 

Percent 

Percent 


(«) 9 

()3 0 

60 0 

8 6 

21.2 

33 :4 

- 

67.4 

62.2 

6fi 9 

27 1 

27 7 

6(1 0 


69.0 

67.7 

69 3 

2.6 0 

24 1 

26,4 

- - - 

58 8 

62.8 

66.2 

26.4 

36 5 

24 6 


(i4 0 

63 9 

66. 6 

21 8 

1 

27.3 

33 6 


In table 5 the rates of loss of carotene in the meals and those in the 
corresponding samples of baled hay are compared for different out¬ 
door temperatures. 

The percentage of natural green color retained in the meals is 
shown in table 3 along with the data for carotene content. The total 
percentage loss of green color as compared with that of carotene is 
shown in table 4. 
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Table 5. —Comparison of the rates of loss of carotene in alfalfa meals and corrc 
sponding baled haijSy stored at different average temperatures 


Meal i)r(*r>ared 
from bale no.— 


116. 

119 . 

109. 

113.. ... 

Avemge. ... 


’ Each (latiiin under pcrcjcnt per month is the avcnige for all grindings from each bale for the teiniM^ra- 
turo indicated. 

^ With this hay there was an apparent gam of I percent per month instead of a loss during storage. 

From the data in tables 3, 4, and 5, the following conclusions 
ui)poaHiistilied: 

(1) Tlie rate of loss of carotene in the meals was not affected by 
the fineness to which they wore ground. For the total period of 
storage, the meals ground to pass /i-, and %-incli meshes lost on an 
average 64,0, 03.9, and 05.6 percent, respectively. 

(2) The pementage loss of color ixi the meals was unquestionably 
mucli smaller than that of carotene. The changes in color, however 
(table 4), are quite confusing. True, the meals faded during storage, 
and on an average the loss of jj^reen color was greater in the more 
coarsely ground meals, hut the individual results are inconsistent. 

(3) Wlien due allowance is made for the errors in the data, it is 
evident that the rate of loss of carotene in tjio meals during storage* 
was (piite similar to that in the corresponding hays, and that in both 
cases these losses were similarly affected by tlie temperature at 
which the samples were stored. 

Jn considering the loss of carotene in the meals, the question 
arises as to the loss that may have occurred during the grinding of tlie 
meals. A comparison of the results for the hays with those for the 
meals would have no bearing on this question because in making 
the determination for carotene, all hays and meals were finally ground 
to the same degree of fineness. The fim»st meals, however, were 
about six times as coaree as the material used for analysis, which was 
ground to pass through the finest mesh screen of the \Xiloy mill. Un¬ 
published data indicate that grinding in this way does not destro}^ 
the carotene. It would seem, therefore, that the grinding of the 
meals stored in this experiment may likewise have been accomplished 
without a considerable loss of carotene. 

SUMMARY 

Data on the rate of loss of carotene and of color in hays and alfalfa 
meals during storage are presented. 

It appears that on an average the rates of loss of carotene in alfalfa, 
timothy, and clover hays under comparable conditions are quite simi- 


Loss of earotpoe m the nioals > 


Aver- 


A ver- 


Aver- 

age out- 


ago out- 


age out- 

door 

Per 

door 

Per 

door 

tern- 

month 

tern- 

month 

tern- 

p(‘ra- 


pera- 


pera- 

lure 


tiire 


turo 

° a 

Percent 


PiTcent 

“ C 

0 1 

4 6 

16.7 

5 7 

20 6 

6 6 

4 1 

17.8 

6.3 

22 2 

5 6 

2 7 

17.2 

7 6 

20,6 

7 2 

3 6 

17.2 

4 6 

22.8 

6.1 

3.8 

I 

17.2 

6 0 

21.6 


Loss of carotene in corresponding 
hays stored in bales 



Aver¬ 


Aver¬ 



age out¬ 


age out¬ 


Per 

door 

Per 

door 

Pf'r 

inontii 

tem¬ 

month 

tem¬ 

month 


pera¬ 

1 

pera¬ 



ture 

1 

1 

ture 


Percent 

^ r. 

Percent 

° r;. 

Percent 

6 0 

3 9 

2.S 

16.1 

8.6 

8 7 

3.9 

M 1 0 

15 6 

7 4 

7.9 

3 9 

3 3 

16 0 

5.4 

11.9 

3.9 

2 3 

15.6 

5 8 

8.4 

3 9 


15. C 

6 8 
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lar. Therefore, the results for the different hays, taken together, 
be summarized as follows: 

Twenty-two samples of baled hays that were stored in a rather 
dark, unneated barn loft when the outside temperature was 7.2® C. 
or less (as is the case in December, January, February, and fre¬ 
quently in March and November, at Beltsville, Md., lost on an 
average about 3 percent of their carotene content per month. 

With 34 samples of hay, which were similarly stored when the 
average outdoor temperatures ranged from 7.2®+ to 18.9® C. (as in 
April, May, October, and i)ossibly September, at Beltsville), the aver¬ 
age loss of carotene was 0.5 percent per month. 

At outside temperatures above 18.9® C., the loss of carotene dur¬ 
ing storage increased greatly. For six samples of hay that were 
stored during the first summer after cutting, the loss was 21 percent 
per month, and for three samples stored further for a second sum¬ 
mer, it was about 11 percent per month. 

Meals from alfalfa ground to pass and ?i-inch mesh screens 

lost carotene at the same rate during storage regardless of the degree 
of fineness to which tliey were gn)und, and at practically the same 
rate as the corresponding baled samples of hay. 

With hays and meals, stored as above described, the percentage 
rate of loss of carotene was much more rapid than that of their natu¬ 
ral green color. This fact must be taken into consideration in judg¬ 
ing the carotene content or vitamin A potency of a hay from its color. 
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A STATISTICAL STUDY OF SAMPLING IN FIELD SUR¬ 
VEYS OF THE FALL POPULATION OF THE EUROPEAN 
CORN BORER ‘ 

By M. T. Meyers, agents and L. H. Patch, associate entomologistf Division of 
Cereal ami Forage Insect Investigations, Bureau of Entomology and Plant 
Quarantine, United Slates Department of Agriculture ^ 

INTRODUCTION 

Surveys of insect abundance constitute an important part of the 
activities of economic entomologists. Such surveys not only provide 
fundamental information about inai^ct pests on wliich control activities 
may be V)ascd but also may be used in studying the ecological relation¬ 
ships of these*! pests under actual field conditions and may thus con¬ 
tribute to the <levelopment and improvement of control methods. 
Obviously the methods used in the surveys of different insects and for 
different purposes differ from one another, depending as they do on 
the biology of the insect species and the objectives of the surveys. 

The (pialitative biological aspects of insect surveys arc usually 
given acleiiuate consideration, but the quantitative aspects of the 
sampling variability of all units of area-wide surveys have seldom, 
if ever, been analyzed under actual field conditions. For the analysis 
of the quantitative aspects of the sampling variability of such area¬ 
wide surveys of insect populations, the methods of analysis of the 
variance developed and introduced by Fisher (^) '* are perfectly 
adapted. In the present paper these methods are applied to a study 
of sampling variability in the fall survey of the number of larvae per 
100 cornstalks in the area infested by the one-generation brood of the 
Kuropean corn borer {Pyravsta nubilalis llbn.) 

SURVEY METHODS AND DATA 

Beginning with the year 1919, surveys to ascertain the abundance 
of the mature European corn borer larvae in the standing cornstalks 
in the one-generation area have been made each year by the Bureau 
of Entomology and Plant Quarantine, in cooperation with various 
State agencies. The data used in the present analysis cover 66 county 
units, part of which were surveyed in 1931 and part in 1932. For 
certain counties the data for both years, as separate units, were used, 
but the sets for the 2 years are not duplicates, some counties appearing 
1 year but not the other. For both years counties located in Michigan, 
Oliio, Pennsylvania, and New York were included and the whole 
treated as one set of data. The detailed records are on file at the 
office of the United States Department of Agriculture laboratory for 
European corn borer research, Toledo, Ohio. 

» Received for publication Mar. 15, 1937; issued February, 1937. 

3 The authors wish to acknowledge the encouragement given by D. J. CafTrey and W. H. Larrimer during 
t he progress of these studies; the assistance of K. W. Bal>oock in the organization of the problem, the analysis 
of the data, and the preparation of the manuscript ; and the assistance rendered by Louise M. Kraus in "the 
tabulation and oalculation of the data. 

3 Reference is made by number (italic) to lateralure Cited, p. 871. 
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As the infestation of feeding larvae in the one-generation area is 
confined entirely to the cornfields and almost entirely to the corn 
plants in the fields, the cornfield has constituted the basic unit of the 
surveys, and data were taken only with regard to the infestation in the 
corn plants. 

The intensity of infestation was expressed as the number of borens 
per 100 plants and was estimated by determining the number of 
infested stalks out of 100 and the number of borers per infested stalk. 
The field was divided into quarters and from the approximate center 
of each quarter 25 consecutive plants were gathered. From the 
total number of infested stalks in the 25 stalk samples the average 
percentage of infested plants in the field or the number of infested 
plants per 100 was obtained. Then the infested stalks were examined 
in order to determine the average number of borers per stalk. In 
areas where the level of infestation in general was low, all the infested 
plants up to a maximum of 5 from tlie 100 plants were dissected. 
In areas where tlje level of infestation was higlier, a maximum of 10 
plants, if available, weie dissected. The product of the number of 
infested plants in 100 and the average number of borers per infested 
plant gave the estimate of the number of borers per 100 plants in the 
field. 

In conducting the surveys, a single county was almost invariably 
taken as the unit for which the sampling was carried out and the mean 
level of infestation reported. In general, the counties surveyed were 
fairly uniform in size and served very satisfactorily as basic areas for 
the analysis of the sampling variance. In the counties in which the 
infestation was expected to be relatively low, 25 fields were sampled, 
and in counties where the infestation was expected to be relatively 
liigber, 20 fields were sampled. The fields were taken at random 
over the county and later combined into four groups, termed “sec¬ 
tions^', each group containing the same number of fields. 

The two main objectives kept in mind in the analysis of the data 
presented in this paper were (1) to determine the relative influence, 
on the reliability of the estimates of the field mean number of borers 
per 100 plants, of the variability (a) of the samples, taken in each field, 
from which the average percentage of infested stalks was computed 
and (6) of the samples from which the average number of borers per 
infested stalk was computed, and (2) to determine the amount of 
variability between fields witliin a county relevant to the reliability 
of the estimate of the county mean number of borers per 100 plants, 
and to compare it with the variability of samples within fields. 

ANALYSIS OF THE SAMPLING VARIABILITY OP THE ESTIMATES 
OF THE FIELD MEANS 

VARIANCE OF A PRODUCT DERIVED FROM THE VARIANCE OF THE FACTORS 

As described, the sampling within fields was canied out by making 
two estimates in each field, one to determine the number of infested 
stalks per 100 and the other to determine the number of borers per 
infested stalk, the product of the two determinations giving an esti¬ 
mate of the average number of borers per 100 stalks. Tlie chief 
problem in the analysis of the sampling within a field is, therefore, to 
assign to each factor the portion of the total sampling variability of the 

< Whore 2fi fields were sampled, the thirteenth field was arbitrarily discarded. 
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estimate of the field mean wliich would be influenced by increasing, or 
decreasing the number of samples in each set independently, and to 
express these portions in comparable terms. 

This problem of analysis may be approached by the use of certain 
equations whereby the mean product, the variability of this product, 
and the variability of each factor of the product may be estimated. 
Tlie mean product in terms of the constants of the factors may be 
estimated by the equation 


A' ~ 7^ * Equation 1 

in which -V is the estimated mean number of borers per 100 plants, 
J) is the mean per<*.eutage of infestation, or the number of infested 
stalks per 100 stalks, and 6 is the mean mimber of borers per infested 
plant, 

Th(^ variance of the prodiict, also in terms of the constants of the 
factors, may be estimated by the ecpiation 

Equation 2 

in which p is the percentage of infested stalks out of the 25 stalk 
samples, b is the number of borers in an infested stalk, n'p and n'j, 
are, respectively, the number of infestation samples and the number 
of plants dissected, ap and ert, are the standard deviations of the two 
factors, and o-/ and <7^^ are the corresponding variances. 

The variance of the percentage of infested stalks out of the 25 
stalk samples maj’^ be estimated by the et^uation 


” - n. 


Equation 8 


in which Up is the number of degrees of freedom available for esti¬ 
mating <r/, or 

The variance of the number of borers in an infested plant may be 
estimated bv the equation 

j_ n't, Equation 4 


iti which /!» is tho number of degrees of freedom available for estimat¬ 
ing or «'*—1. 


A Comparison ok the Variances op a Prodpct Obtained by Two Methods 

The vpiance of the field inean number of borers per 100 plants is 
underestimated when equation 2 is used, if a correlation exists between 
the number of infested stalks in the 25 stalk samples and the mean 
number of borers per infested plant in the corresponding quarters of 
the fields. Owing to the way the data were recorded in the fields, 
the correlation within fields could not be calculated for the years 1931 
and 1932 when the data for this paper were obtained. But from 
data obtained in 1935 from 100 fields in Lenawee County, Mich., 
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and the counties of Fulton, Hancock, Hen^, Lucas, Ottawa, Putnam, 
and Sandusky, Ohio, the f&ct of a correlation between the two factors 
within fields was established and the effect this had on the standard 
error of the field mean number of borers per 100 plants was determined. 

To show the existence of a correlation between the two factors just 
referred to, the number of infested plants out of 25 and the mean 
number of borers per infested plant were tabulated for the quarter of 
each of the 100 fields having the lai^est number of infested plants. 
Then the mean of the 100 samples was calculated for each factor. 
Similarly the data were tabulated and averaged separately for each of 
the other three quarters of each field. The mean numbers of infested 
plants out of 25 were 13.09, 10.53, 8.69, and 6.02 for the four quarters, 
while the mean numbers of borers per infested plant were, respec* 
lively, 1.75, 1.68, 1.55, and 1.39 for the same quarters. These data 
sliow tliat a decrease in the mean number of borers per infested plant 
is associated with a decrease in the number of infested plants. 

The effect of this correlation on the standard error of the field mean 
number of borers per 100 plants was determined by completing two 
sets of calculations for each of the fields and comparing the mean 
results for groups of fields in the following manner: The first set of 
calculations was made to determine the mean number of borers per 
100 plants for each field by eqniation 1 and to estimate the variance 
of the mean by equation 2. For the second set of calculations the 
product for each quarter of the field was obtained by multiplying the 
number of infested plants out of 25 by the mean number of borers per 
infested plant (2 or 3 plants were dissected in each quarter) and 
multiplying the result hy 4 to obtain the mean number of borers per 
100 plants for each quarter. The mean number of borers per 100 
plants for each field was then obtained by averaging the results for 
the quarters of the fields. The variance of this general mean was 
estimated by computing the squared deviations of the product for 
each quarter from the mean product for the field and dividing by 4. 
The fields were then arranged in 5 groups, each of 20 fields, according 
to the field mean number of borers per 100 plants obtained from the 
first set of calculations. The group mean numbers of borers per 100 
plants and the group mean standard errors are given in table 1 for 
each of the two methods of calculation. 

Table 1 . —Range of estimalei of the field mean number of European corn borers per 
100 plants and the group mean standard errors derived hy two methods of calcu¬ 
lation, from 100 fields in northwestern Ohio and southeastern Michigan, IDSfi 


First methotl 

Second method 

Mean 

standard 

error 

Mean 

Standard 

error 

Number 

Number 

Number 

Number 

15 .1 

5,25 

15.7 

5.63 

112.6 

9 65 

33 2 

10.41 

fK) 0 

18 (19 

61.5 

18.03 

81.1 

24.30 

84.1 

25.04 

151.2 

41.21 

156.0 

43.21 
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It may be observed from table 1 that both the field mean number of 
borers per 100 plants of the groups of fields and the mean standard 
error are slightly underestimated by using equations 1 and 2, The 
average of the five groups shows that the standard error is under¬ 
estimated about 3.7 percent. It appears, therefore, that on the 
average the standard error of the field mean number of borers per 100 
plants may be estimated rather closely by using equations 1 and 2. 
On the basis of this comparison the validity of the results from the 
study described in this paper is assured if the 100 fields surveyed m 
1935 may be taken as representative of the conditions existing in 
fields in general. 

In order to assign to cacli of the two sets of samples taken in each 
field of the 1931 and 1932 surveys—one set to determine the number 
of infested stalks per 100 and the other to determine the number of 
borers per infested stalk—the portion of the total samplijig variability 
of the estimates of the field mean numbers of borers per 100 plants 
which would be influenced by increasing or decreasing the number of 
samples in each set independently and to express these portions in 
comparable terms, the use of equations 1 and 2 is necessary. But 
these equations are incomplete because they make no allowance for 
any correlation wduch might exist between the two sets of samples. 
The complete forai of the equations has been given by Reed (7). 

The complete form of equation 1, adapted from Reed, is obtained 
by adding the term ro-p<7(, to the right-hand side of equation 1, and the 
complete form of equation 2 is obtainetl by adding the tenn 2rpba;<r; 
lo the right-hand side of equation 2, in which r is the coefficient of 
correlation between the percentage of infestation and mean number 
(tf bor('.rs per infested plant in the quarters of the field and aj and a? 
are the standard errors of the means of the two factors. It shouhl 
bo noted that in the complete form of the equations as applied to this 
problem there would be only four observations for both p and b. 
Therefore n'p=n't~i. The use of the complete form of equation 2 
gives an estimate of the variance of the mean of the products from the 
quarters of the field. 

SAMPLING VARIABILITY WITHIN 20 FIELDS IN WOOD COUNTY, OHIO 

I’afile 2 gives the results of the calculations for each field of the 
1932 survey of Wood County, Ohio, and serves to illustrate the 
process carried out for each field in the other counties of the 1931 
and 1932 surveys. As an intermediate step in making the substitu¬ 
tions in equation 2, column 9, a, of table 2 gives the value of the 
term of equation 2 for n\—\, column 9, b, gives the value of the term 
for n'p=l, while column 9, c, gives the variance of their product. 
The values in columns 9, a, and 9, b, may now be divided by the 
values of n't, and n'p, respectively, representing the actual number of 
samples taken in the respective fields, to obtain the values given in 
colunms 10, a, and 10, b. Column 10, c, the sum of columns 10, a, 
and 10, b, gives the variance of ^product when r/n'i, and rjii'p arc 
the variances of the means Z and p. 
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SAMPLING VARIABILITY WITHIN ALL FIELDS OF THE SURVEY, GROUPED ACCORDING 
TO LEVEL OF BORER POPULATION 

In order to generalize as completely as possible the information 
from the entire survey, the fields of all counties were grouped accord¬ 
ing to the ranges shown in table 3 and by adding and averaging the 
field means and the variances for n\=^l and of each term and 

the totals for the variance of a product. The ranges used In this 
generalization are entirely arbitrary, table 3 giving a final summary 
of the variances by field level as finally used. (Fields with means of 
4.9 borers per 100 plants or lower are omitted.) In tliis table is con¬ 
densed all the information the data afford as to the average magnitude 
and relationships of the parts of the variance at the different levels 
of field populations. Each field, representing its own peculiar set of 
conditions, has its proportionate effect on the final results. The result 
is not universal but is applicable insofar as these data constitute a 
representative sample of a given sot of conditions encountered in 
these surveys. 


Table 3. —Summary of the sampling variance within fields^ grouped within certain 
ranges of the estimates of the mean number of European corn borers per 100 plants, 
in the counties of the surveys of 19S1 and 1932 in the 1-generation area 


(iroiip no. 

Horori* per 100 
plants (range) 

Fields 

Borers 
per 100 
plants 

Variance of a single observa¬ 
tion 

Standard 

deviation 

Coefb- 
cient of 


(group 1 

<rx*) 

(«r,) 

varial Jon 




mean) i 


(5) 



(1) 

(2) 

(3) 

(4) : 

(a) 

(b) (C) 

(6) 

(7) 


1 

Xumber 

Xamber 



Number 

Percent 

I 1 

r. 0-- s 0 

IM 

0 7 

26 8+ 61 7-~- 88 5 i 

0 4 

140 3 

2 

0 0- 14 0 

105 

U 7 

72 

14- 121 2^ 103 3 

13 9 

118 H 


l.' (V- 24 0 i 

115 

10 5 

105 

4- 210 .*» 405 

20 1 i 

103 1 

4 

2o (>■ 34 0 

112 

20 (1 

425 

4 :421 - 746 

27 3 

02 2 

r* ' 

.in. a 44 0 

7S 

40 2 

7.50 

-f 400 -- 1.2.5S 

35 5 

88. 3 

f) 

4.n 0” .')4 0 

52 

40 S 

L3tl 

4 070 - 2,011 

44 8 

00 0 

7 

5f).0- 71.0 

KHl 

65 0 

2, IWl 

4- 080 ^ :4,160 

56 3 

86.6 

s 1 

7.n n- 04 0 

57 

S,4 0 

:i. 528 

4-1.120 - 4.6,57 

68 2 

SI. 3 

9 - 1 

1 on (L124 0 

SO 

too 0 

5. 2S0 

f 1.6:47 - 6.026 

s:4 2 

76 3 

in i 

i I2n (hlM 0 i 

11 

137 7 

8. .53.5 

4 2. .521 - 11.056 

105 1 

! 76.3 

n . 

inn (v-104 0 1 

.12 

171 0 

1:4,074 

4-2,373 - lb,;447 

127 0 

74 8 

12 

105 0-234 0 

10 

211 4 

21,77.5 

4.4,047 - 2.5,722 

160 4 

75. 0 

n 

235.0-274 0 

7 

2,54 7 

3l.(H7 

4;4. ;429 - -.44,376 

18.5.4 

72 8 

14 

27.5. (V 324 0 

S 

205 7 1 

48,068 

4 2,717 - 51,715 

227 4 

70 0 

lA 

325 (V374 0 

3 

.4.54 2 

47, .357 

-f2,.577 - 19,9:44 

22:4 5 1 

6.3 1 

1(1 

375 0-490 0 

(> 

42:4 0 

73,920 

4-2. .5(V0 - 76.480 

276 6 

65 4 

17 

500 0-(199 0 

3 j 

525 0 

80,167 

-f:4, 11.5 - s:4.282 

2H8 6 

54.0 

IS 

700 0 111) 

o 

^ i 

070 0 

180,222 

f 0 -- 180. 222 

424 5 

43 S 


Table 3 may be inspected to determine the general characteristics 
of the sampling variability within the fields. In column 6 are given 
the generalized standard deviations of the jiroducts corresponding to 
their variances in column 5, c. Column 7 contains the standard 
deviations expressed as percentages of the generalized means of colmnn 
4. These relative values of the standard deviations are statistical 
constants known as coefficients of variation; they serve as indexes of 
variability and measm-e the fluctuation within the fields at the different 
levels of borer population. 

It will be noted that the standard deviations increase in actual 
magnitude as the means increase, but decrease steadily in relative 
magnitude from about 40 percent larger than the mean at the lowest 
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level to less than 50 percent of the mean at the highest levd. The 
part of the variance of the product represented by the tenri in 
column 5, b, of table 3 increases until the mean population reaches 
211,4 borers per 100 plants. It then decreases, becoming zero at the 
highest level. The variance of the infestation samples, the o-p* part of 
this term, decreases as the limit of 100-percent infestation is ap¬ 
proached. As the square of the mean number of borers per infested 
plant, the 6* part of the term, increases it tends to increase the value 
of the tenn, but not at a rate sufficiently great to offset the reduction 
of the value of the variance of the infestation samples as the limit 
of 100 percent infestation is approached. At 100-percent infestation 
the variance of the infestation samples becomes zero and the term 
vanishes completely. _ 

The part of the variance of the product represented by the term pVj* 
in column 5, a, of table 3 is the dominant influence in determining the 
total variance above a level of about 25 borers per 100 plants. This 
term increases from 57.0 percent of the total variance at a level of 
about 30 borers to about 96 percent of the total at a level between 
400 and 500 borers per 100 plants. Over the range of the populations 
covered in these data the variability in the number of borers in the 
infested plants, the <r/ part of this tenn, contumes to increase as the 
mean number of borers per infested plant, b, increases. The square 
of the number of infested_plants per 100, the factor of this term, 
increases up to 10,000 as p increases to its maximum of 100. How¬ 
ever, increases in population beyond 100 percent infestation must be 
as a result of increased number of borers per infested plant, which 
moans that any increase in this term is wholly dependent on the magni¬ 
tude of the factor, while the p* factor remains constant. 

Relativk Values op Different Combinations of n'l, and u'p 

liecause of this change hi the relative as well as the actual variation 
at ilifferent levels of infestation, it is necessary to study the relative 
values of different combinations of n\ and n'p in sampling at each 
population level. Three population levels, 11.7, 109.0, and 423 borers 
per 100 plants were selected from table 3 for study. By substituting 
m equation 2 the corrcspondhig values from columns 5, a, and 5, b, 
table 3, and also different combinations of values of n\ and n'„ the 
variances of a product for the various sampling combinations for each 
of the selected levels may bo computed. The variances of a product 
were calculated for all combinations of n\ and n'p equal to 1, 2, 3, 4, 
5, 7, and 10 for the three selected levels. The standard deviations 
were then expressexi as percentages of the respective means, i. e., as 
coefficients of variation. The results are shown in the graphs of 
figure 1. 

A-s noted previously, although the actual magnitude of the standard 
deviation of the moan for any sampling combination increased as the 
mean level of population increased, the relative mamitude decreased. 
Thus, the surfaces of the three graphs of the standard deviations in 
terms of percent of the mean are increasingly lower as the means 
increase. 
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At the level of 11.7 borers per 100 plants (fig. 1, yl), the second 
term of the equation (column 5, b, table 3), wliich is reduced as the 
number of 25 plant-infestation samples, n'p, is increased, is larger 
than the first tenn (column 5, a, table 3), which is reduced as the num¬ 
ber of plants dissected, n\y is increased, so that the total variance is 
affected more by a comparable increase in the number of infestation 
samples taken than in the number of plants dissected. At this level 
the taking of two infestation samples instead of one sample reduces the 
total variance almost as much as if seven plants had been dissected 
instead of one plant. However, the predominant effect of taking ad¬ 
ditional infestation samples on r^ucing the total variance is soon lost, 
for at the level of 19.5 borers the talang of two infestation samples 
instead of one sample reduces the total variance only shghtly more 
than if two plants had been dissected instead of one plant. At the 
level of 109.0 borers per 100 plants (fig. 1, B) the taking of tw’^o infesta¬ 
tion samples instead of one sample reduces the total variance only 
about a third as mucli as if two plants had been dissected instead of 
one plant, while at the level of 423.0 borers per 100 plants (fig. 1, C) 
the eflect is about one-tliirtieth as much. At the level of 423.0 borers 
per 100 plants, increasing the number of infestation samples above 
two has practically no effect whatever in reducing the sampling varia¬ 
bility of the estimate of the mean in such fields. 

OTHER CONSIDERATIONS OF SAMPLING WITHIN FIELDS 

In any survev numerous restrictions are always placed on the plan 
of sampling, solely for eliminating bias rather than because of nurely 
quantitative aspects of the sampling variability. In sampling w^itliin 
the fields in the present survey one such restriction concerned the 
infestation sample of 25 consecutive plants. vSmallcr total numbers 
of plants will suffice for attaining a given degree of reliability in the 
estimation of the mean percentage of infestation if smaller numbers of 
consecutive plants are taken at each place selected at random and 
examined wdthin a field. For example, (‘omj)Hred with taking a total 
of 100 plants, each plant at a place selected at random, it Avas found 
that to attain a given reliability in the estimation of the mean per¬ 
centage of infestation, 171 plants were required when 5 consecutive 
plants were taken in a place, 206 when 10 plants w ere taken, 285 wdien 
25 plants were taken, and 660 plants when 100 plants wore taken. 
These results were obtained as an average for live fiekls with percent¬ 
ages of infestation averaging 38.6, no field having been infested more 
than 50 percent. Taking the foregoing numbers of ])lants in the 
designated manner gave a standard error of 4.71 to the mean of 38.6 
percent, but the same proportions would hold amon^ the total numbers 
of plants required to attain any other degree of reliability in the esti¬ 
mation of the mean of these five fields. 

To take each plant of the total number examined for infestation in 
the fields of this survey in a place selected at random, however, would 
have necessitated a scheme to eliminate all possible conscious or un¬ 
conscious bias in taking the plants. Any such scheme would probably 
be difficult to devise as well as impractical on account of the time neces¬ 
sarily consumed in putting it into effect. For tliis reason samples of 25 
consecutive plants taken in each quarter of the field were arbitrarily 
chosen from which to determine the percentage of infestation, in the 
belief that samples of this size would render bias negligible. 
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The question of the randomness of these samples is essentially the 
same as that involved in the technique of determining the yield of 
plots or fields of small grains by harvesting small areas within them. 
Clapham (i, 2y 2) and Kalamkar {6) studied such problems and pre¬ 
sented experimental data, and on the basis of the analysis of the 
variance deemed the placement of the samples at definite intervals in 
the same drill rows to be undesirable. Rather, they recommended 
that the area be divided into a definite number of equal-sized areas 
and the samples taken at random in these. The objections noted by 
these authors to definite placement of samples hardly apply to the 
manner of taking the infestation samples at approximately the center 
of the quarters of the fields. These samples were taken without re¬ 
gard to the condition of the com at the place of sampling in the fields 
and as an average of a large number of fields the variability would 
approximate closely to that of fully randomized samples witliin the 
quarters of the fields wiiich correspond to sections as recommended 
by the foregoing authors. 

Methods of avoiding bias when taking the infested plants for dis¬ 
section to determine the number of borers per infested stalk also had to 
be considered. For tliis reason only infested plants were dissected 
in the infestation samples, up to the maximum number specified for 
the fields as stated previously. It is obvious that in the field the 
most heavily infested plants would be the ones most easily found, and 
unless careful safeguards were taken in the methods of the survey to 
obtain representative plants from the whole field a considerable bias 
would be introduced. 

The most important question in sampling within the fields, how ever, 
is the relative weight that should be given to the samples of the tw'o 
sets of factors and this question is answered by the solutions carried 
out on the basis of the equation for the variance of products. As 
used also, the actual sampling variability wdthin the fields, while 
important in properly planning area-wide surveys, is distinctly subordi¬ 
nate to the field-to-field variability wnthin the larger areas, in its final 
effect on the reliability of the estimate of the coimty mean number of 
borers per 100 plants. 

ANALYSIS OF THE FIELD-TO-FIELD VARIABILITY WITHIN 

COUNTIES 

METHODS OF ANALYSIS OF VARIANCE APPLIED TO SAMPLING VARIABILITY OF 

AREA-WIDE SURVEYS 

The foregoing analysis treated of the sampling variability within 
the fields so that estimates could be obtained of the true levels of 
infestation of each field, these in turn being used to obtain estimates 
of the mean levels of infestation of the counties. Within the counties 
the actual level of infestation will vaiy greatly from field to field. 
The differences between the fields constitute another component of 
the variability affecting the reliability of the estimates of the mean 
populations of the county areas, and this component is of paramount 
importance in the specification of the methods of sampling to be used 
in the surveys. To measure and study the characteristics of this 
component of the variability by itself, and in comparison with the 
components of the sampling variability within the fields, actual ob¬ 
servations under the conditions to be studied must be used. The 
data for the field estimates of the mean number of borers per 100 plants 

41981—38-5 
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for the 66 counties already used for the study of the sampling vari¬ 
ability withm the fields constitute the data used for this study of the 
field-to-field variability within counties. 

The fields sampled were selected at predetermined points distrib¬ 
uted fairlv unifonnly over the county, thus insuring, to the greatest 
possible degree, both representativeness and randonmess in the sam¬ 
ples. The first step is to determine by the methods of the analysis 
of variance devised bv Fisher (4) whether the fields within sections 
of the counties tended to be more nearly alike in level of infestation 
than the fields over the whole counties—in other words, to see whether 
there were significant differences in level of infestation between the 
sections of the counties. For this study each county was divided 
into four sections of approximately equal area but more or less ar¬ 
bitrarily delimited so as to have each section include the same number 
of fields in as compact units as possible. The allocation had to be done 
after the surveys were carried out, but care was exercised to avoid any 
consideration of the values in making up the sections, these being based 
entirely on location. In counties in which 20 fields were sampled 
each section included 5 fields and in counties in which 25 fields were 
sampled each section included 6 fields. (Fields numbered 13 in the 
counties of 25 fields were uniformly and arbitrarily discarded and 
county means and other values adjusted accordingly.) The solutions 
were carried out by the methods of the analysis of variance to deter¬ 
mine (1) the total variation of the field means from the county mean, 
(2) the variation of the field means within the sections from the 
means of their respective sections, and (3) the variability attributable 
to the differences between the mean population levels in the four 
sections. These parts were later related to the sampling variability 
within fields, solved in the preceding section of the paper. 

DATA FOR SURVEY OF WOOD COUNTY, OHIO. IN 1932 USED TO ILLUSTRATE THE 

SOLUTION 

The values for the mean numbers of borers per 100 plants for the 
20 fields surveyed in Wood County in 1932 will be used to illustrate 
the solutions which were applied to all counties. These values are 
given in column 12 of table 2 and the manner of grouping the fields 
into the four sections is shown in figure 2; while the values, arranged 
according to sections for the analysis of the variance, are given in 
table 4. 


Table 4. —Mean number of European corn borers per 100 plants by fields for the 
survey of Wood County, Ohio, in 1932, arranged in sections for the analysis of 
the variance 


Section 1 

1 

1 Section 2 

Section 3 

Section 4 

Field no. 

Mean 
num ber 
borers 

Field no. 

Mean 

number 

borers 

Field no. 

Mean 

numtwr 

borers 

Field no. j 

Mean 

number 

borers 

1. 

19.6 

3. 

66.1 

10.. 

14.4 

12 - 

10,8 

2. 

26.6 

4. 

8.8 

15. 

66.7 

13 

52.5 

6 

69.3 

8 . 

84.0 

16 . ! 

137.2 

14.,. 

131.6 

6 ,... 

91.2 

9. 

9.0 

17. 1 

168.0 

19 

118.6 

7. 

59 8 

11.. 

6.0 

18- . ! 

59.2 

20 

161.2 







Total. 1 

266.8 


163.9 


435.5 


464.6 



’ 
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Examples of the application of the methods of the analysis of 
variance to similar problems and detailed discussions of the concepts 
involved are given in numerous publications including Fisher (4), 
Wishart (S), and Snedecor (S). Although all these vary somewhat 
in the particular arithmetic procedure, the basic concepts are the same. 



Figure 2 .— Map of Wood County, Ohio, showing the location of the fields sampled in 1932 In the survey 
of the number of borers per lOO plants, and the allotment into four sections for the analysis of the field-to- 
field variability within the county. 


Specifically, this particular problem is identical with the class given 
by Snedecor (S) as example 1, page 3, of his manual. This type of 
problem has a single criterion of classificatiou and an equal number 
of observations in each of the classes. 

From table 5 it will be’ noted that the sum of the squares of 
the deviations of the 20 field means from the section means repre- 
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sen ting 16 degrees of freedom is less tlian the sum of the squares 
of the deviations of 20 field means from the county mean represent¬ 
ing 19 degrees of freedom. The difference is attributable to the 
3 degrees of freedom representing the deviations of the population 
levels of the four sections from the general county mean. 

Table 5. —Analysis of the variance in the mean number of European corn borers 
per 100 plants in Wood County, Ohio, in 1932 


Variation 

Degrees of 
freedom 

i 

Sum of 
squares 

Mean- 

square 

deviation 

Standard 
or root- 
mean- 
square 
deviation 

Totalfor county____-. 

10 

50,842.07 

2,676.tKJ 

61.73 

Within sections.... 

16 

38.641.8.5 

2,41.5.12 

49.14 

Between sections... 

3 

12,200.22 

4,066. 74 

63.77 


The values in the last two columns of this solution for the mean- 
square deviation (variance) and the root-mean-square deviation are 
directly comparable in magnitude within the columns. 

Assuming that real differences were indicated between the actual 
population levels of the sections as laid out in Wood County in 1932, 
the mean-square deviation or variance between sections in table 5 
may be considered as being made up of two parts, the first with 
variance of representing the estimated actual differences in level 
of population between sections, and the second or part, which is 
the mean of the variance within sections for the individual fields 
shown above. Tliis phase of the problem has been discussed by 
Fisher (4) in section 40. The Ai part is found from the difference 
between 4,066.74 and 2,415.12, or 1,651.62, while the Bi part is the 
mean variance between fields within sections, or 2,415.12. The values 
of the mean-square deviation in table 5 are the variances of single 
fields, and since a section comprises 5 fields, the A\ part of the variance 
of the section mean number of borers per 100 plants is one-fifth of 
1,651.62, or 330.32. The square root of this, 18.17 borers per 100 
plants, is the estimated standard error of the real levels of population 
from section to section, corrected for the sampling variability within 
the sections. This discussion is more readily understood by assuming 
that the mean-square deviation between sections approximates the 
mean-square deviation within sections so closely that the difference 
between them is well within the limits set for errors of random sam¬ 
pling. Then the variability between fields in one section and fields 
m other sections would not be sijpiificantly greater on the average 
than the variability from field to field within the sections and the A\ 
part of the variance would not exist. 

But the .rii part of the variability within counties is irrelevant to 
the reliability of the estimates of the county means if at least one field 
is sampled in each section, and it should be eliminated in the estimate 
of the true sampling variability. In replicated field experiments 
Fisher (5) terms this method ‘docal control'^ but it can be applied 
as well to methods of area-wide insect surveys. It is evident, there¬ 
fore, that only the Bi part, or the variance of the field means within 
the sections, applies to the reliability of the estimates of the county 
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means. In the solution as carried out here the local control is applied 
by dividing the county into four sections. The 20 or 25 fields sampled 
in these surveys were distributed over the counties, but were arbi¬ 
trarily groupea into 4 sections as being the solution combining most 
advantages in the study. In order to carry out any formal solution 
for the estimate of the parts of the variance, there must be at least 
two assumed sections and at least two fields in each section. If there 
are the same number of sections in each county the results may be 
combined for study later. Also, in the study hereinafter carried out, 
if there are four sections per county the estimated variability of 
county means will proceed by four-field intervals, which is a con¬ 
venient unit. 

Just as the total variability of the field means from the county 
mean was separated into two parts, so also may the Bi part of the 
variance which applies to the reliability of sampling in the county be 
divided into two parts for more detailed study of the sampling methods. 
The first part, designated as the A 2 part, represents the estimated 
variance of the real levels of population of the fields within the sections, 
and the second part, designated as the B 2 part, represents the vari¬ 
ability of the sampling within the fields for the estimation of the field 
means and will be taken at = Tliis B 2 part is obtained 

directly from column 9, c, in table 2. The total 88,852 is divided 
by the number of fields (20) sampled in the county, which gives a 
mean-square deviation of 4,442.6. The square root of this value, 
66.65 borers per 100 plants, is the corresponding standard deviation. 
The components of this 4,442.6, affected respectively by modifications 
in the niimbei’s of plants dissected to determine the number of borers 
per infested plant and in the numbers of samples taken to determine 
the percent infestation, are obtained in the same manner from the 
corresponding columns, i. e., 9, a, and 9, b, of the same table. The 
mean-square deviation affected by the number of plants dissected is 
3,477.35 and that affected by the number of infestation samples is 
965.25, designated as the C 2 and M parts of the variance, respectively. 

The A 2 part is equated from the Bx part as the Ax part was equated 
from the variance of the section means. The Bx part, or the varia¬ 
bility of the field means witlun the sections, is made up of a part, 
designated as the A 2 part, which represents the difference of the true 
field levels from the section levels, and a part due to the variability 
of the sampling within the fields. The latter is estimated from coi- 
umn 10, c, of table 2. Tliis column gives the estimated total variance 
of sampling within each field for the actual sampling combination 
used. Each field has to be figured separately owing to the differences 
in the number of plants dissected in the various fidds, otherwise this 
step could be figured in one operation, as in subtracting the Bx part 
from the variance between sections for estimating the Ax part of the 
variance. The sum of tliis column, 11,795, divided by 20 gives the 
average variance witWn the fields, or 589.75. This is subtracted 
from the variance within sections, J?,, or 2,415.12, giving as .^2 
1,825.37, or the estimated variance of the true levels of population of 
the fields from the section levels; that is, it gives the estimated vari¬ 
ance if all field levels and section levels were known without error. 
The square root of this value, 42.72 borers per 100 plants, is the cor¬ 
responding standard deviation among the fields within sections. 
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The sampling within the fields, however, contributes to the varia¬ 
bility of the fidds within the counties and thus influences the relia¬ 
bility of the county means obtained as estimates of the true population 
levels. The given above for n'p—n\—\, and its parts, and 
Di, are taken for the basic estimate of these values for counties for the 
purpose of standardization. The sum of Bi and A 2 is the estimated 
total variance of fields within sections when 1 sample of 25 con¬ 
secutive plants is examined to determine the percentage of infestation, 
and 1 infested plant is dissected to determine the number of borers 
per infested plant in each field. The square root of this value, 79.17 
borers per 100 plants, is the corresponding total standard deviation 
for fields within sections. 

This completes the analysis of the variability of the samples as 
actually taken in the county. The information that has been derived 
is summarized in table 6. 


Table 6. —Summary of analysis of the variance in surveys of European corn borer 
populations^ Wood County^ Ohioy 1932 


Estimated variability of— 

Variance 

Standard 
deviation» 
borers i>er 
100 plants 

Designation 

Value 

Section levels from county level. ... 

A, 

Aa 

Ba 

Aai'Ba 

330 32 
1,826.37 
4,442 60 
6,267.97 

Number 
18.17 
42.72 
66 66 
79 17 

Fields levels from section level...-. 

Sampling within fields - -_ ___ 

Total of estimates of field means (n'p^n't” 1) from section means. 


SAMPLING VARIABILITY FOR THE COUNTIES GROUPED BY LEVEL OF POPULATION 

An analysis similar to that made in Wood County, Ohio, was made 
for each of the other 65 counties of the 1931 and 1932 surveys in the 
one-generation area in which the sampling variability within fields 
was studied. The counties were then arranged according to the 
mean numbers of borers per 100 plants, and the variances added and 
averaged over specifietl ranges as shown in table 7. The ranges used 
here are entirely arbitrary, as in the case of the ranges used for the 
study of the variability of the sampling within fields. Corresponding 
standard deviations, both as actual values and as percentages of the 
group means of the numbers of borers per 100 plants, are also given 
in the table. 







Table 7. —Summary of the sampling variance within counties of the estimates of the mean number of European corn borers per 100 plants for the 
counties of the 1931 and 1932 fall surveys of infestation of the one-generation area studied 
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Examination of the results in table 7 reveals that the total standard 
deviation relevant to the sampling of the county means, -y/Ai+Bi, 
increases in actual magnitude as the mean level of population increases 
in the counties. This standard deviation also decreases in relative 
magnitude but with no pronounced trend at the higher levels of borer 
population. The standard deviation of the Ai part of the variance, 
which is the estimated variance of the real section levels from the 
county levels of popidation and is eliminated by the principle of local 
control, and therefore is not relevant to the reliability of the estimates 
of the county means, increases in actual magnitude as the mean level 
of population increases in the counties. The percentage this standard 
deviation bears to the county means is almost constant. The stand¬ 
ard deviation of the At part of the variance, which is the estimated 
variance of the real field-to-field differences within sections, increases 
in both actual and relative magnitude as the county levels of popu¬ 
lation increase. 

The standard deviation of the Bi (for n'p=n\=\) part of the 
variance, which is the variance of sampling within the fields, increases 
in actual magnitude and decreases in relative magnitude as the coxmtv 
levels increase. Within the fields the parts of the Bt variance Cz 
(wliich is affected by the number of |Uants dissected, n'#) and 
(which is affected by the number of infestation samples, «%) show 
somewhat the same characteristics on the basis of counties as they 
did for the individual fields, when classified by population levels. 
Both parts increase in actual magnitude as the county levels increase, 
but the Ci part increases very much more rapidly than the Dt part. 

These characteristics of the parts of the variability of sampling 
within the counties all influence the relative effectiveness of different 
methods of sampling in estimating the levels of populations in various 
areas. Figure 3 shows the standard deviations of county means for 
various sampling combinations for the three levels 8.88,' .‘j7..55, anti 
99.61 borers per 100 plants taken from table 7. 

The values for figure 3 were derived as follows: Let n' equal the 
number of sections per county (in this analysis assumed to be 4) and 
let fc equal the number of fields sampled per section. Then the vari¬ 
ance of the estimates of the county means for any sampling combi¬ 
nation is given by the equation 

county mean=-Equation fi 

As the number of fields sampled in a county is increased over four 
the area is divided into an equal number of sections of uniform size 
and one sample taken in each to accomplish the greatest possible 
amqunt of local control, thus shifting more of the At part of the 
variance to the .Ai part, but it was not practical with these data to 
carry out a solution which conformed strictly to tWs principle, 
hmaily, the standard errors of the means for the various sampfing 
^mbinations are stated as percentages of the corresponding means. 
Corresponding values for all sampling combinations for »'=4 with k 
values from 1 to 10 (4 to 40 fields) and n'»=l and 5, and n'\ and 4 
were computed for the three levels shown in figure 3. 
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Fields in Each of Four Sections (Number) 

Figure 3.~-Staii(iard deviations of county means as i>ercentages of the county means for various combina' 
tions of samples within the fields and various numbers of fields sampled within the county for means of; 
At 8.88 European com borers per 100 plants; 57.55 borers per 100 plants, C, 09.01 borers per ino plants. 
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At the level of 8.88 borers per 100 plants, increasing the number of 
plants dissected, from 1 to 5 within each field has nearly the same 
effect in reducing the standard deviation of the estimates of the 
county means as increasing the number of 25-plant infestation 
samples, from 1 to 4, ^d increasing both n'» and n'p by these 
amoimts at the same time is about twice as effective. As the levels 
of population of the counties increase, the reduction in the variability 
of the county means due to increasing the number of infestation 
samples decreases rapidly, and the curve for «'*=! and n'„=4 
approaches the curve for n'i—\ and n'p=l, and the curve for n'i,= 5 
and n'p=l approaches the curve for n\=5 and n'p=i. The charac¬ 
teristics of the various parts of the variability of sampling in this 
survey are thus revealed. 


DISCUSSION 

In the past, several studies have been conducted relative to the 
methods of sampling to be followed within fields in surveys of insect 
abundance. From the standpoint of the methods of conducting 
area-wide surveys those studies give information only on a relatively 
less important part of the total variance of sampling, whereas they 
really should apply to the estimates of the mean of the larger areas. 
Furthermore, the fields in which the sampling studies were conducted 
often were selected and limited in number, thus still further limiting 
the applicabilitv of the results. It is only from actual survey data, 
such as are usea in this paper, that estimates of all the essential parts 
of the sampling variability can be obtained. This information on the 
characteristics of the sampling variability in the surveys is obtained 
along with the current collection of information on the status of the 
insect population. The specifications which effectively meet these 
two requirements in a survey are practically the same. 

The method of sampling at the beginning of a survey must be based 
on such information as may be at hand, including the knowledge of the 
biology of the insect and host, matters of agronomy, the general 
principles of survey sampling, the objects of the survey, similarity to 
other surveys that have been conducted, and the reconnaissance 
observations that have been carried out previously on the same 
problem. It should not be difficult to arrive at specifications fairly 
near the most efficient ones possible by making use of all these factors. 
As the data accumulate in the survey they are analyzed in reasonable 
detail and the desirable improvements in methods inaugurated. 

The three basic principles of sxirvey sampling which are essential 
to meet the requirements of obtaining the most reliable estimate of the 
area means, and the proper measurement of the parts of the sampling 
variable, are: (p Replication or multiple samples in each subdivision 
of the survey (i. e., counties or fields); (2) local control, or dividing 
the area to be sampled (coimties or fields) into as many sections, 
imiform in size or representing aliquot parts of the host organism to 
be sampled, as there are samples to be taken; and (3) randomness, 
or taking one of the specified samples at random in each section. 
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Replication increases the reliability of the estimates of the area 
means, such as counties or fields, directly in proportion to the number 
of samples. The Iwger the number of samples taken, therefore, the 
greater the reliability of the estimate of the mean, although as the 
number becomes laiger the relative effectiveness of this factor per 
unit sample becomes less and less. When combined with the prin¬ 
ciple of local control, however, the effectiveness of the replication is 
usually greatly enhanced. 

The samplmg variability which applies to the reliability of the 
estimates of the means is the variability within sections for each phase 
of sampling (county or fields in this survey). As the number of sec¬ 
tions is increased, more and more of the total variability of the given 
phase is shifted from the part of the variability from sample to sample 
within the sections, that which is relevant to the variability of tbe 
estimates of the means (5), to the part of the variance for differences 
between the levels of the sections, that which is irrelevant to the 
variability of the estimates of the means. Thus, by the combination 
of the principles of multiple samples and local control, the variability 
of the estimates of the corresponding means is reduced much more 
rapidly than the square root of the number of samples operating on 
the total variability of the unit samples. If for any reason the sam¬ 
ples are grouped in clusters, some of the advantage of local control is 
lost and the solution for the analysis of the variance must be modified 
accordingly. This is true even though it is necessary to consider 
two or more of the samples of a given area of the survey together 
in a section of correspondingly larger size for the analysis of the 
variance. Some of the true section-to-section variability which is 
irrelevant to tlie variability of the estimates of the means is of neces¬ 
sity included within sections because of this limitation in the solution 
for actual survey data, but the entire gain due to local control by 
placing all samples in uniform sections actually is inherent in the 
estimate of the mean itself. The discrepancy usually is not very 
great. Randomness in taking the samples within the section is, of 
course, absolutely essential for obtaining either an unbiased estimate 
of the corresponding means or a correct estimate of the sampling 
variability. 

Although these principles of sampling apply equally to sampling 
within fields or between the fields of a county, the phases differ 
greatly in relative effectiveness, per unit sample, on the reliability 
of the estimates of the means. Increasing the number of samples of 
the phases involving successively larger unit areas has much more 
effect on the reliability of the final means than like increases in the 
successively smaller units, although this advantage is offset to some 
extent by the greater cost of increasing the number of samples in the 
larger areas. The mathematical relationship in this survey may be 
obtained from equation 5. The increased effectiveness of additional 
samples on the reliability of the means becomes less pronounced as 
the number of samples increases, owing to the fact that the reliability 
of estimates of a mean is directly in proportion to the number of 
samples. No one phase, therefore, is increased indefinitely without 
regard to the others, and a proper balance in sampling is maintained. 
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SUMMARY 

The data used for the analysis of the sampling variability in this 
study consisted of the records of the 1931 and 1932 fall survevs, for 
the number of European corn borers per 100 plants, of a total of 66 
county units located in the States of Indiana, Michigan, Ohio, Penn¬ 
sylvania, and New York, infested by the one-generation strain. The 
methods of determining the sampling variability within the fields, for 
the estimation of the field means, and the variability from field to 
field within the county (part of which pertains to the reliability of the 
estimates of the mean level of population in the counties) were 
analyzed in considerable detail. 

In sampling within the fields 4 units of 25 consecutive plants were 
first examined to determine the number of infested plants out of 100 

f dants; then from 5 to 10 of these infested plants were dissected to 
umish an estimate of the average number of borers per infested 
plant. The product of these two means gave the estimates of the 
field mean number of borers per 100 plants. The equation for the 
estimation of the variance of products from the variance of the factors 
was used to obtain the estimates of the variance of these field mean 
numbers of borers per 100 plants. This method expressed the vari¬ 
ability of sampling within the fields in terms that permitted the direct 
comparison of the contributions of any combination of the two sets 
of factors to the final variability of the estimate of the field mean. 

The variability from field to field within the counties was divided 
into three main portions by the methods of the analysis of variance. 
The first portion consisted of the variability between county sections 
each of which was arbitrarily chosen to include one-fourth of the fields 
sampled in the county. This portion of the variability, which repre¬ 
sented the estimated actual differences in level between the sections, is 
irrelevant to the estimate of the reliability of the county means, and 
illustrates the effect of applying the principle of local control in sam¬ 
pling in area-wide surveys of insect abundance. 

The variability of field means from the respective section means is 
divided into two portions, one representing the estimates of the 
variability of the true field levels from the respective section levels, 
and the other representing the variability of the estimates of the fieltl 
means for a given system of sampling within the fields. 



Dec. 1,1937 


Statistical Study oj European Corn Borer 


871 


LITERATURE CITED 

(1) Clapham, a. R. 

1920. THE ESTIMATION OP YIELD IN CEREAL CROPS BY SAMPLING METHODS. 

Jour. Agr. Sci. [England] 19: [214]-235, illus. 

( 2 ) - 

1931. STUDIES IN SAMPLING TECHNIQUE: CEREAL EXPERIMENTS. I. FIELD 
TECHNIQUE. Jour. Agr. Sci. [England] 21: [366]-371, illus. 

(3) - 

1931. STUDIES IN SAMPLING TECHNIQUE: CEREAL EXPERIMENTS. III. 

RESULTS AND DISCUSSION: JouF. Agr. Sci. [England] 21: [376]- 
390, illus. 

(4) I'iSHER, R. a. 

1925-36. STATISTICAL METHODS FOB RESEARCH WORKERS. All editioiis, 
Edinburgh and London. 

(5) - 

1931. PRINCIPLES OF PLOT EXPERIMENTATION IN RELATION TO THE STA¬ 

TISTICAL INTERPRETATION OF THE RESULTS. RothaiUStcd Expt. 

Sta., Harpenden, Rothainsted Confs. 13: 11-13, illus. 

(6) Kalamkar, R. J. 

1932. A STUDY IN SAMPLING TECHNIQUE WITH WHEAT. JoUr. Agr. Sci. 

[England] 22: [783]-796. 

(7) Reed, L. J. 

1921. ON THE CORRELATION BETWEEN ANY TWO FUNCTIONS AND ITS APPLI¬ 

CATION TO THE GENERAL CASE OP SPURIOUS CORRELATION. Jour. 

Wash. Acad. Sci. 11: 449 455. 

(8) Snedecor, G. W. 

1934. CALCULATION AND INTERPRETATION OF ANALYSIS OF VARIANCE AND 
COVARIANCE. 96 pp. Amcs, Iowa. (Iowa State Col., Div. 
Indus. Sci. Monog. 1). 

(9) WlSHART, J. 

1931. METHODS OP FIELD EXPERIMENTATION AND THE STATISTICAL ANAL¬ 
YSIS OF THE RESULTS. Rothamstcd Expt. Sta., Harpenden, 
Rothamsted Confs. 13: 13-21. 


o 




JOnL OF Mdimjw 

VoL. 55 Washington, D. C., DECEMBi^^5i_ip^ ^ ^ 12 

AN EXAMPLE^ OP THE ABILITY OF 

TO INTENSIFY CRONARTIUM RIBICOLA ON PINUS 
MONTICOLA* 

By J. L. Mielkb ^ 

Asaiiilatit pathologist^ Division of Forest Pathology, Bvreau of Plant Industry, 
United Ftates Department of Agriculture 

INTRODUCTION 

Four s[)ocios of Rihe^ * arc of special importance in the control of 
whitc-pino blister rust {Cro7iartium ribicola Fisch.) in the commercial 
raii^c of western white pine (Pinus monticola Dough) in northern 
Idaho, northeastern Wasliington, and wostom Montana because of 
their abundance, distribution, and reaction to the rust (12)} These, 
in the order of their numerical prominence, are Rites laenstre (Pers.) 
Poir., /?. t^iscosissimutn Pursh, R, iiierme Rydb., and R, petiolare 
Doug], 

ExteUvsivc field studies in the rust-infected regions of western North 
America have shown that very wdile dilFerences exist among these 
four species both as to tlieir susceptibility to the rust and to the sub- 
seiiuent development of telia (9)} Their order of prominence in these 
respects is: Rites petiolare, R. hierrne, /?. nscosissimum, and R. 
lacustre, (lie first two species being relatively very high, the third 
nK'diuni to low , and the last veiy low. On the basis of the liigh 
susceptibility of and profuse telial development on R, petiolare and 
R inerrne, as observed early in the (*ourse of field studies in British 
(Columbia (3), it was obvious that rapid and severe damage to the 
associated stands of western white pine {Pinus monticola Dough) 
wmuld occur as the ru^t spread into the region centering in northern 
Idaho. Both R, petiolare and R. inerrne are confined by habitat 
re(|uirements to limited areas along stream courses, which arc favor¬ 
able sites for the development of the fungus. Therefore, in the 
region under discussion, tlie large-scale protection work against the 
rust carried on ly the Bureau of Entomology and Plant Quarantine, 
United States Department of Agriculture, had as its immediate 
objective the systematic eradication of ribes in the stream-type areas 
where one or more of these highly susceptible species occurred {IS). 
As the rust spread and intensified in the region comprising northern 

J Hecoi\ed for publication May 28, IW” Ksuod February, 19:i8 

* The author is indobted to II G Lachnumd, formerly pathologist, Dnision of Forest Patbo]og.v, who 
bUpcr\KS('d tho studj, and to A. A. McCread>, W. F. Cummins., and C, J Nusbaum, formor members, 
and J W\ Kimmey, T S Buchanan, and T. W. Childs, present members, of the same Division, for assist¬ 
ance m the collection of the data on which this paper is based Acknowledgment is also made to O. B. 
Posey, formerly of the Division of Plant Disease Control, Bureau of Entomology and Plant Quarantine, 
U S Department of Agriculture, for advice and suggestions during the course of the study, to Dr. H T. 
(lUssow, Dominion botanist, and to various other members of the Dominion and Provincial Governments 
of ('anada for their friendly cooperation 

The genus name Rtbea, as well as the common noun “nbes," is used in this paper to include both currants 
and gooseberries. 

* Reference is made by number (italic) to Literature Cited p. 882. 

« Kimmey, J. W. susceptibility op ribes to cronartium ribicola in the west. Jour Forestry 
(In press.] 
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Idaho, western Montana, and northeastern Washington, continued 
observations showed that pine infection was developing in damaging 
moportions in upland areas where both Rihes viscosissimum and 
R, lacustre were present. Recognition of this condition made it 
necessary for the control program in this region to include the eradica¬ 
tion of these species over the upland areas as well as the more sus¬ 
ceptible species found only in the stream-type areas. Since, how¬ 
ever, iZ. lacustre almost always occurs in association with other 
Rihes species, practically nothing was known regarding its pine- 
infecting capacity, but, on the basis of previous knowledge of its 
reaction to the rust, together with observations in the field, the 
species was thought to be relatively innocuous. The present study 
was undertaken to test this assumption. 

Tliis paper reports the results to date of a study made over a 
period of several years in the vicinity of Rovelstoke, British Columbia, 
on a plot situated within the only known area in western North 
America where the prickly currant (Rihes lacustre) has been solely 
responsible for blister rust infection of a stand of western white pine. 
Because the Rovelstoke area is well within the range of Finns monti- 
cola, results of the study are considered of value in connection with 
control of the rust in the region centering in northern Idaho. 

LOCATION AND DESCRIPTION OF THE STUDY PLOT 

The plot is located in the interior of British Columbia, approxi¬ 
mately 9 miles north of Rovelstoke and on the cast side of the Colum¬ 
bia River. It is 45 acres in size and is situated within the edge of an 
old burn on a steep mountainside with a westerly exposure. A few 
small creeks, the largest of which enters the plot near the southeast 
corner and runs out midway of the western boundary after forking 
several times, drain the area very well (fig. 1). A large rockslide 
near the northeast corner considerably reduces the density of vegeta¬ 
tion in that part. 

Bordering the plot on the south side is a stand of mature timber, 
composed mainly of western hemlock (Tsnga heterophylln (Raf.) 
Sarg,), western red cedar or giant arborvitae (Thuja plicata D. Don), 
and Douglas fir (Pseudotsuga taxifolia (Lam.) Britton), which extends 
southward for about 6 miles. To the north and east is an extensive 
burned area on which there occurs a sparsely stocked stand of repro¬ 
duction composed mainly of western white pine and aspen (Populus 
tremuloides Michx.). Near the west boundary is the Columbia River, 
and on the opposite side of it there is a very extensive stand of mature 
timber composed mainly of western hemlock, western red cedar, and 
western white pine. 

The only pine, and also the predominant tree species, on the plot 
is Finns monticola. All species are unevenly distributed on the area, 
with the greatest density of growth on the southwest half. At first 
glance the stand appears to be almost pure pine in its conmosition, and 
in this regard it is typical of many others in the region. The principal 
tree associates of the pine are alder (Alnus sinuata (Regel) Rydb.), 
willows (Salix spp.), paper birch (Betula papyrifera var, suheordata 
(Rvdb.) Sarg.), aspen, Douglas fir, western hemlock, and western red 
cedar. The stand is in the reproduction stage and was about 26 
years of age at the time the study was started. The pines averaged 
slightly over 12 feet in height. 
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Bushes of Ribes lacustre, the only Ribes species present, are con¬ 
centrated along the creeks and scattered elsewhere on the plot (tig. !)• 
This same species was also noted in moderate abundance along streams 
and on moist areas on 


the lands surrounding 
tiie plot, particularly 
to the south, east, and 
west. No other Ribes 
species were found 
closer than about 8 
miles distant. 

FIELD PROCEDURE 

The area was located 
in the late fall of 1927, 
but no work was done 
onitthatyear. In 1928 
the plot boundaries 
were surveyed and the 
4r)-acre area within 
them was mapped and 
subdivided into blocks 
1 chain scjuarc (fig. 1). 
Numbered stakes were 
placed at all block cor¬ 
ners to facilitate future 
work. 

In the summer of 
1929, all the Finns 
montlvola trees on the 
plot were numbered, 
and their positions, 
together with the posi¬ 
tions of all Ribes la- 
cusfre bushes, were 
mapped. Also, the 
number of feet of live 
stem for each ribes 
bush was obtained for 
use in computing the 
average amount of 
live stem per acre. 
No general survey of 
pine infection was 
made, but all blister 
rust cankers observed 
during the course of 
the other work were 
tagged and significant 
data recorded. Sys¬ 
tematic examinations 



FiGUUE l.—Rovelstoke natural pine infection area plot, Rcvelstoke. 
British Columbia. 


were made, however, of 100 bushes of R. lacustre to determine the 
amount of rust present on them. These bushes, which mainly occurred 
scattered over that portion of the plot having the greatest density of 
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the ribes and the pines, were tagged and used in subsequent years 
for the purpose of measuring annual infection. On the basis of the 
author^s past experience with the rust, the 100 bushes were considered 
more than an adequate number for giving an index of the decree of 
infection over the entire plot. Also, extensive observations indicated 
that the infection on them was as great, if not slightly greater, in 
amount than would be the average for all bushes. 

The systematic examination of the pines for blister rust infections 
was started in mid-June 1930. A numbered tag was attached to 
each canker found in order to prevent duplication and for future 
reference. Recorded data included: (1) Location on the tree of the 
infected branch, (2) diameter of the branch at the lower limits of the 
canker, (3) distance from the lower limits of the canker to the bole, 
(4) diameter of the bole at junction of the infected branch, (5) age of 
growth on which the canker originated, and (6) stage of development 
of the canker. Using these data, together with information on canker 
growth and effects reported by Lachmund (6'), experienced assistants 
made estimates in the field as to whether tlie fungus would grow 
down the branch and into the bole. In the event that this was 
expected to happen, the number of years required for such growth 
and for the consequent death of or severe damage to the tree was 
also estimated. Limited time and personnel permitted examination 
of approximately only ffO per(*ent of the trees in 1930, the remainder 
of them being examined during the following season. 

The data available by the fall of 1931 showed that practically all 
pine infection on the plot occurred during the years 1922 to 1928, 
inclusive, the greatest part of it having originated in 1927. Any 
infection that might have taken place subsequent to 1928 was not 
yet readily apparent. Observations made in the fall of 1931 and 
spring of 1932, however, revealed that numerous cankers had not 
been found during the course of the examination in 1930, apparently 
mainly because of their small size at that time. (\)nse(pjently, all 
the pines were reexamined in the summer of 1932, at which time many 
additional cankers of 1927 origin and some of 1928 origin wen' found. 
All of these were tagged and the usual data on them were obtained 
and recorded. Since the reexamination was being made 5 years after 
the heavy wave of infection in 1927 and 4 years after a much lighter 
wave in 1928, it was concluded, on the basis of earlier studies on 
canker growth and development (4, 5, 6')? that all cankers having their 
inception in those years and previously should be of sufficient size 
to be readily visible in 1932. A check made a few years later indi¬ 
cated that this conclusion was correct. However, it was also found 
that a small i)crccntage of cankers had still escaped detection during 
the reexamination. Failure to find these few was not ascribed to their 
small size but to the human factor involved. 

RIBES INFECTION 

No records of the extent of blister rust on Ribes lacustre are available 
for 1922, the year of first-known pine infection, nor were systematic 
data obtained for 1927, the year of greatest intensification of the 
disease on pine. The first examination of R. lacustre was but a 
enrsorv inspection of about 30 bushes made in the fall of 1927 at the 
time the area was discovered. Less than half of them bore evidence of 
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the rust, which was present only in slight amount. In the fall of 1928 
an intensive survey was made of this host on the plot, and again the 
rust was found to* be very sparse, the degree of infection being less 
than half that recorded in any subsequent year. Starting iq 1929, 
however, systematic data were obtained annually until 1935 on the 
100 tagged bushes previously mentioned. These data, which arc 
summarized in table 1, were recorded and computed by the same 
methods described in a previous paper (S). 

From table 1 it is evident, even for those years in wliich there 
occurred the greatest development of the rust on Ribes lacustrey that 
while only an extremely small percentage of the total lower leaf area 
became infected and a still smaller percentage bore telia there has 
been an almost consistent annual increase in the amount of rust. 
From those records, together with thoseobtained in 1927 and 1928, 
it would seem possible that a similar relationship might have extended 
back to 1922. If tliis relationship did not extend back to 1022, it 
still is reasonably safe to assume that the fungus was never much 
more abundant on IL laevstre than in those years for which data ani 
available, for, as is later shown herein, very few sporulating c.ankers 
could have been jjresent on the area to have caused such infection. 
Kven if the rust was more prevalent than that shown from 1929 to 
1934, however, it seems doubtful if it ever was present in suflicient 
amount to be (dassed as a heavy attack on this Ribes species. In 
supj)orl of these su])positions it may be demonstrated that the recorded 
infection has been very light when percentages of total leaf area 
infected and total leaf area bearing telia. (table 1) are (*oini)ared with 
the average figures for susceptibility and telium-producing (ni])acity 
of R. lacustre presented in table 2. The figures in table 2 were ol> 
tained by Mielke, Childs, and Lachmund in th(ur large-scale relative- 
susce])tibility studies (,9). Since nearly all the J{. laevstre bushes 
on the llevelstoke plot grew in the shade or i)artial shade of other 
vegetation, the data ])resented for them should be com])ared mainly 
with the data for (•.orres])onding growth forms shown in table 2. 


I’ahlk \.—Annual hlulcr rust mfection of WO tagged Ribes lacustre bushes on the 

Revelstoke plot 


Yeai 


1929- 

1930- 
J931-. 

1932- . 

1933- . 

1934- 


llushes 


K\anuue<I 

1 lnfeete<l 

1 

A H mber 

NIf mber 

100 

39 

300 

93 

100 

100 

100 

100 

KKt 

100 

98 

98 


Total leaves 

Examined 

lufeeted 

Number 

Number 

76,685 

738 

59,050 

837 

66,710 

1,815 

36,746 

5,144 

57,415 

6,316 

65.965 

1 6.597 


'I'otal lower leaf area 


Infected 

Bearing? 

t«Ha 

J^ervent \ 

J*tre< nt 

0 or. 

O.Ol 

07 

.03 

.19 

.05 

.59 

.17 

.33 

.07 

.35 

.04 


T\hle 2. -Average figures for susceptibility and teJiuni-producing capacity of 

Ribes lacustre 


Form of R. lacuahe as related to (‘xposure to sunlight 


Open. 

Part-shade 
Shade. 


'fotal lower leaf area 


Infected 

Bearing telia 

Percent 

Percent 

3.4 1 

0.4 

4 3 j 

.7 

8.1 ! 

2.9 
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PINE INFECTION 

As a result of the examination of the pines made during the years 
1929 to 1932, inclusive, a total of 10,109 cankers was recorded. 
Analysis of the data, by Laclimund^s (4) method of determining the 
age of blister rust infection on western white pine, indicated that 337 
of these cankers had their inception in 1922, 150 in 1924 and 1925, 
and the remainder, 9,022, in 1927 and 1928. Possible infections 
originating in 1929 or subsequently had not yet reached a readily 
visible stage of development at the time of the last examination in 
1932, and consequently no particular effort was made to record them. 
Therefore, only those cankers that had their inception in the years 
1922 to 1928, inclusive, are considered in the study. 

Neither the exact place at which pine infection first became estab¬ 
lished on the area nor juiy original canker w^as discovered. As a result 
of extensive studies on the ground, however, it was evident that both 
the place of origin and the center of pine infection were well within 
the plot boundaries. Of the oldest cankers found 337 w^ere on the 
plot and a few others in the immediate vicinity, all of which had their 
inception in 1922, but that year is not regarded as the one in which 
pine infection originally occurred on the area. According to the 
aiithor’s experience in the West, the abundance and scattered distri¬ 
bution of these cankers would strongly indicate that a few older ones 
must have been present at one time, for almost invariably the number 
of trees originally infected and the number of original cankers at an 
infection center are comparativel 3 ’' small, being generally less than 10 
even when highly susceptible ribes species are present. In this case, 
over 300 widely distributed pines bore the cankers that originated in 
1922, and consequently it would seem reasonable to assume that sonje 
pine infection must have occurred prior to that time. Considering 
the available evidence, together with the normal development of the 
fungus (/)) and the general spread in 1917 and 1918 05), it is believed 
that the rust first became established in pines on the plot in either 
one of those years. Failure to find any older cankers may very 
possibly be attributed to destruction of the tree or trees that bore 
them when a highway (fig. 1) w^as built through the area about 1925, 
for this highway crosses the part of the plot that has the greatest 
density of pine infections. 

The results of the studies on pines are summarized in table 3. 
Observations made in 1933 indicated that possibly as many as 5 per¬ 
cent or more of the cankers had been missed during the examinations, 
consequently the number of trees infected, the number of cankers, 
mid the degree of damage were somewhat greater than the correspond¬ 
ing data shown in the table. Since, as previously stated in the section 
on Field Procedure, the data on tree damage are based mainly on 
estimates of future development of the fungus in the bark, their 
reliability may possibly be questioned. All cankers found were 
tagged, how^ever, and it was therefore feasible to make a future check 
of the estimates. This was done in the fall of 1936, five to seven 
seasons later, depending upon the time the original work was done. 
Kesults of the cneck indicated that the estimates w^ere of sufficient 
accuracy to make revision of the summary data unnecessary. From 
the data in table 3, it is anticipated that a higher percentage of trees 
infected in 1922 will be killed or damaged than of the trees infected 
during the entire period of 1922-28. A discussion of the factors 
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responsible for this percentage difference is not considered within the 
province of this paper, but they are known to include height of tree, 
width of crown, and difference in basis of trees infected in the different 
years. 

Table 3. —Blister rust m western white pine on the Revelstroke plot 


Years in which infection 
occurred 

Trees 

! 

Cankers 

Total 
on plot 

Nu mbfT 
9,310 
*9,920 


1 

To be killed or damaged ' 

Total 

Average per tree 
on ba.sis of— 

Infected 

Num¬ 

ber 

Per- j 
centage 
of in¬ 
fected ! 
trees 

Per¬ 
centage 
of total 
trees 

Infect¬ 
ed trees 

Total 

trees 

1922 ... 

1922 to 1928, incliislvo. 

Number 
312 
3,417 

Percent 

3 35 
34.45 

203 

1,600 

65 06 
46.82 : 

2 18 
16 13 

Number 
337 
10,109 

Number\ 
1 08 

2 96 

Number 
0.030 
1 02 


I The terra “damage’', a 3 used in this paper, denotes injury to the pines to the extent of preventing ultimate 
luorchantable value. 

* The difference in total number of trees is a(;countod for by the increase in numl>er of socdlmgs. 


Although it is evident that the intensification up to 1928, inclusive, 
has been very rapid, this cannot be considered as exceptional, for 
instances of similar and even greater rates of increase in the rust on 
Firius monticola have been reported (7; 5, }), 303; fi), and the author 
lias observed many others during the past 12 years. If the rust con¬ 
tinues to increase at the same rate that it did from 1922 to 1928 (table 
3), nearly all pines on the idot will be infected by approximately 1940. 
An examination of tlic weather records for Revelstokc indicated that 
both 1922 and 1927 were favorable years for the infection of pines, 
whereas the intervening yearn and 1928 were relatively unfavorable. 
Approximately only one season in eveiy 5 years has been favorable 
for general spread of the rust in the interior region, while in the coastal 
region of British Columbia, Pennington {10) found this average to be 
one in every 4 years. Accordingly, it would appear that intensifica¬ 
tion of the fungus on the plot will be governed largely by climatic 
conditions and will occur at an irregular rate. A reliable estimate of 
the time required for infection of all pines is therefore difficult to make. 

The number of feet of live stem per acre is commonly used as a 
measure of the abundance of a Ribes species on an area. It seemed de¬ 
sirable, therefore, to use this criterion in determining the amount of 
Ribes Uicustre on the plot. As the result of a careful check, a total of 
24,111 feet, or an average of 530 feet per acre, was found. The bushes, 
which varied greatly in size, were not generally distributed over the 
area, but occurred in greatest density in the vicinity of the creeks (fig. 
1). R, lacustre was also found in the immediate vicinity of the plot, 
but in lesser densities, and because of their location these bushes are 
not regarded as being responsible for many of the pine infections. 
Whether occurring on or off the plot, however, R, lacustre was solely 
involved, for it is the only species of Ribes known for several miles 
around. There are plantings of the cultivated black currant {R. 
nigrum L.) about 8 miles distant, but spores from these plants are not 
believed to have caused any of the cankers on the plot, for no instances 
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are known of spread from Ribes to pines over distances even one-third 
as great. 

The pines occur in greatest density on the south half of the plot, 
and except for a few small areas the stand cannot be considered as 
fully stocked, for in 1927 there was an average of only about 220 trees 
per acre. The older trees have been bearing cones for several years, 
and some seedlings appear annually. However, if the present rate 
of intensification of the rust and the small number of cankers required 
to kill such young trees are considered, few of them may be expected 
to survive for very long. Accordingly, there appears no possibility 
of the area becoming fully stocked with white pine or of the present 
stand reaching maturity so long as Ribes lacustre is present. 

DISCUSSION 

Western white pine occurs in two separate belts, which may be 
designated as coastal and interior. Both the Revelstoke area in 
British Columbia and the region centering in northern Idaho arc 
within the interior belt. The same tree species occur over most of 
this region, and the summer climate is fairly uniform, although a 
somewhat greater amount of precipitation occurs at Revelstoke than 
in northern Idaho. This similarity in general conditions between the 
two places would seem to make the results of the study of more than 
local application. Before any final conclusions arc reached, however, 
certain climatic factors should be more carefully considered, for 
weather conditions to a large extent determine the spread and severity 
of blister rust. According to Pennington (fO), moisture is more im¬ 
portant than temperature for infection of pines and ribes. Because^ 
of the importance of moisture, a comparative summary of the rainfall 
during the growing season at Revelstoke, the weather station nearest 
the plot, and various places in north Idaho is given in figure 2. It 
is evident from the pine-infection data that Ribes lacuf^tre caused 
rapid intensification of the rust on Finns vionticola near Revelstoke, 
but rainfall there is somewhat more abundant than at the weather 
stations in Idaho used for comparison. This difference in rainfall is 
apparently of little consequence, however, for the author has })een 
unable to detect its effect in any diff*erence in the development of the 
rust between the two regions, and according to various reports (f, 2^ 
11 j 12, IS, 14), fungus is well established and intensifying at a 
very rapid rate in the white pine forest of Idaho. The results of the 
study would therefore appear to be of value in connection with control 
of the rust in the region centering in northern Idaho. 

The rapid intensification of the rust that occurred on the plot was 
contrary to expectation, for it was thought that Ribes lacustre, with its 
low susceptibility and low tclium-producing capacity, would not cause 
such abundant infection of pines. The data strongly indicate, how¬ 
ever, that R. lacustre constitutes a far greater menace than has hitherto 
been assumed and that susceptibility and capacity to produce telia 
are not necessarily safe indexes of the relative importance of a Ribes 
species as a source for pine infection. The results of the study are of 
special significance in illustrating that stands of western white pine in 
infected areas may be severely damaged by blister rust if R, lacustre, 
which is the least susceptible of the four most important species in the 
pine region centering in northern Idaho, is allowed to remain in con- 
sMerable numbers within and adjacent to the stands. 
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Aside from the fact that Ribes lacmtre is capable of rapidly intensi¬ 
fying blister rust on western white pine, there are other factors that 
make it a very important host in the region centering in northern 
Idaho. Numerically it is the most abundant of the four common 
ribes in that region, as evidenced by the control work from 1923 to 
1935, inclusive, for nearly one-lialf the total number of ribes destroyed 
were of that species.® R. lacustre is widely distributed over the 
region, occurring generally in the forested area. It is a tolerant 
species and is not confined to any particular site conditions, growing 
not only in moist soils bordering streams but also on the drier upper 
slopes. The wholesale destruction of this plant by chemical means 
has not yet been practicable, partly because of its resistance to ordinary 
dosages of chemicals that ^ ^ q 

may be safely or econonii- | ^ 

caliy used. Since R. lacustre x 

is a species that propagates ^ V 

readily by layering, hand c 

eradication is somewhat j ^ ® 

jnore difficult than with some < 

of the other ribes. It would z 

seem, therefore, tJiat R. < 

hvmire h as much if not “ o.o ^ ^^ 

more ol a ])roblem m tiie 

^ . 1 i'ii i ii Fk.iRE 2 Clntphical suiriinary of raitifall at Rovdsitokp, 

C ontrol ol tne rust- tlian some antish C’olumbia, and m Idaho. Tho monthly rainfall 
n r f I»w« 11 c rM t i m A traces for Ilpvohtoke covi*r a period *of 32 years and were 

ui i nt JIUM i rs u M 1 (11111 Bntish Columbia Department of Agriculture 

sr)ecies. weather rwords, Report for 1933 The a\erages for Idaho 

' w <‘rt‘ computed from l^nitt^d Sf ates Weal h(‘r Bureau record s 

SUMMARY obtained at Avery, Prichard. St Maiies, ITiest River E\- 

periimuit Station, and PiiTce, covering various periods 

Four species of Ribes are I’’'' 

of special importance in the control of white-pine blister rust (Cronar- 
tiurn rlblcola) in tlie western white pine region centering in northern 
Idalio. Nuniericall.y, the most prominent of these is the prickly cur¬ 
rant {Ribes lacustre), which is relatively very low both in susceiitibility 
to tlie rust and in the ])roduction of telia. This paper reports the 
results of a study, conducted over a number of years on a 45-acre plot 
near llevelstoke, British Columbia, on the ability of this currant to 
spread Idister rust to western white pine {Finns monticola). 

Although the known infection of Ribes lacustre on the area has 
been relatively small in amount for this species, the rust has intensified 
rapidly on the pines. The available evidence indicates that a few 
trees first became infected in either 1917 or 1918. In 1922 over 3 


])ercent were infected and by the end of 1928 about 34)^ percent of 
the total of 9,920 pines on tlie plot were diseased. The cankers 
increased in niunber from 337 in 1922 to 10,109 in 1928. This attack 
has been severe enough to result in the death or serious damage of 
1,000 trees, or over 16 percent of the total. 

If a similar rate of intensification of the rust continues, it will 
obviously be but a matter of a few years before practically all the 
pines become infected and serious damage or death results". There 
appears no possibility that the stand of western white pine on the 
area will reach maturity under the prevailing rust conditions. 

li^sults of the study indicate that Ribes lacustre constitutes a far 
greater n^enace to western white pine than has hitherto been assiuned 


9 Information furnished by officials of the Division of Plant Disease Control, Bureau of Entomology and 
Plant Quarantine, and used here with their permission. 
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and that this species must be eradicated where it occurs in or near 
pine stands if such stands are to be protected against the rust. 
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WATER SOAKING OP LEAVES IN RELATION TO DEVELOP- 
MENT OF THE BLACKFIRE DISEASE OF TOBACCO' 

By E. E. Clayton 

Senior pathologut^ Division of Tobacco and Plant Nutrition^ Bureau of Plant 
I'ndusirijf United States Department of Agriculture 

INTRODUCTION 

In tt ])revious publication ^ the general situation with respect to the 
wildfire and the blackfire or angular leaf spot diseases of tobacco 
(Nicotuma tabacum L.) was discussed and the need for explaining the 
occurrence of leaf spot epidemics was indicated. It was shown that 
epidemics of wildfire {Bacterium tabacum Wolf and Foster) are condi¬ 
tional on the occurrence of leaf water soaking, and the factors modify¬ 
ing leaf resistance to water soaking were discussed. These results are 
extended in the present paper by similar studies with the blackfire 
{Bad. angvlatum Fromme and Murray) disease. 

Blackfire is the common tobacco leaf spot disease of Virginia, North 
Carolina, Tennessee, Kentucky, and Wisconsin. Following its iden¬ 
tification by Fromme and Murrayit was long regarded as established 
that the disease was caused by Baderium angulatum and was serious 
and destructive. It was a fact, however, that no one had ever pro¬ 
duced the “epidemic” type of blackfire (see fig. 2, A) under controlled 
conditions. Inoculations produced only small localized lesions (fig. 1), 
and in consequence Valleau * suggested that the epidemic type of leaf 
spot was nonparasitic in nature. It is believed that the results pre¬ 
sented in this paper adequately clear up this situation. 

EXPERIMENTAL RESULTS 

Methods of study and preliniinai'y results with Baderium angulatum 
paralleled in all (letails those given in a previous publication® for 
Bad. tabacum. 

In repeated controlled experiments, it was demonstrated that the 
dilference between disease development as shown in figure 1 and figure 
2, A, was entirely dependent on leaf water soaking (fig. 3). Thus, for 
example, 12 leaves were selected and one-half of each was sprayed until 
a water-soaked condition of these areas was produced. Sixty-five of 
the water-soaked areas were then inoculated by pricking them lightly 
with a needle dipped in a suspension of the bacteria, and an e^al 
number of inoculations were made on the unsprayed halves. The 
remaining water-soaked areas were left uninoculated. The inocula¬ 
tions of water-soaked areas produced lesions in every case, ranguig 

‘ Received for publication Aur. 18,1937; issued February 1938. 

> Clayton, E. E. watkr-soakinq of leaves in rei.atk)N to I)B\ elopment of the wildfire disease 
CF TOBACCO. Jour. Agr, Research 62; 2;i9-269, illus. 1936. 

* Fromme, F. D.,aiid Murray, T. J. avoular-leaf .spot of tobacco, an undescribkd bacterial 
disease. Jour. Agr. Research 16* 219 228, illus. 1919. 

< Valleau, W. D. are blackfire and angular leaf spot of tobacco identical? (Abstract) 
Phytopathology 19: 93. 1929. 

^ CI.AYTON, E. E. See footnote 2. 
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from % to 1% inches in di«mcter. The inoculations without water 



Figuke 1.— Leaf inoculated by atomizinp with a liacttrtum angula- 
turn suspension; photographed 20 da>s later. The lesions ha\e 
attained full .sj70 and are typical of those obtained without the 
aid of w'ater soaking. 


soaking produced 
either no infection or 
at most a lesion less 
than one-eighth of an 
inch in diameter. The 
water-soaked condi¬ 
tion of areas that were 
not inoculated disap¬ 
peared without any 
leaf injury. Further¬ 
more, the lesions on 
the water-soaked areas 
developed so rapidly 
that they were of large 
size when the plants 
were removed from 
the damp chambers 
((>0 hours after inocu¬ 
lation). 

INOCULATION OP 
UPPER AND LOWER LEAP 
SURFACE 

In the work with 
wildfire it was found 
that, provided water 
soaking was present, 
there was little or no 
diflerence in the results 
from lower or upper 
leaf-surface inocula¬ 
tion. With Bacterium 
angulatunif which ap¬ 
pears to be a less viru¬ 
lent parasite, there 
were significant differ¬ 
ences in results be¬ 
tween the two surfaces 
(table 1). 


Table -Effects of different combinations of water-spray and inoculation 

treatments on the upper and lower leaf surfaces 



Lea f .surface given-— 


Leaf 

area 

finally 

killed 


Leaf .surface given— 


Loaf 

area 

finally 

killed 

Leaf no. 

Water 

1 spray 

' 

Inoculation 

Initial 

lesions 

Leaf no 

Water 

spray 

Inoculation 

Initial 

lesions 




Number 

Pcrcenl 

i 



Number 

Percent 

1. 

Upper _ . 

Upper_ 

36 

20 

1 

Lower--.- 

Upper--.. 

126 

20 

2 . 

-- .do. 

.do_ 1 

36 

60 

2. 

...do. 

--.do. 

13 

10 


-.do. 

-.-do - 

20 

20 

3-. 

..do. 

...do.. 

70 

10 

1. 

...do. 

JiOwer_ 

250 

110 

1. 

...do*. 

Lower-... 

224 

40 

2 . 

-.do.. 

..do. 

154 

60 

2. 

...do. 

—-do. 

m 

20 

a -. 

..do. 

---do. 

150 

100 

3-. 

-do. 

--.do. 

450 

60 
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Thus, with Bacterium angulatum, even with water soaking, the 
number of initial lesions and usually the subsequent disease damage 
were much greater from inoculation of lower leaf surfaces, though it 
did not appear to matter greatly whether the water soaking was pro¬ 
duced by spraying upper or lower surfaces. The check inoculations 
of leaves not soaked that accompanied this experiment produced only 
scattering small lesions, and these caused practically no leaf damage. 

EFFECT OF SIZE AND PERSISTENCE OF WATER-SOAKED AREAS ON LESION 

DEVELOPMENT 

Experiments with size of water-soaked areas in relation to blackfire 
development showed that, as with wildfire, larger water-soaked areas 



Figure 2 —The blackfire disease as it developied from artificial inoculation under favorable field conditions: 
/I, Lower leaf, showing typical symptoms of the destructive epidemic type of disease which is usually 
called blackfire; B, upper leaf from the same plant, showing lesions of a type frequently described as 
angular leaf spot. 

favored tlie developmejit of larger lesions. Tliiis, the following results 
were obtained: 

Leaves not water-soaked.—-Twenty prick inoculations gave either no infection 
or a mere trace. 

Leaves water-soaked, areas one-eighth to three-eights of an inch in diameter.— 
20 prick inoculations gave lesions ranging from one-eighth to three-eighths of an 
inch in diameter. 

Leaves water-soaked, areas Ya to inches in diameter,—licsions ranged 
from one-fourth to three-fourths of an inch in diameter. 

Witli small areas, the average size of the lesions was 0.3 inch, which 
was about the average size of the orighial waten-soaked areas. The 
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lesions with largew atcr-soaked areas averaged 0.7 inch in diameter, 
but this was much less than the size of the original water-soaked areas. 



Figure 3 —Entire leaf inoculated with a Bacterium avQulafum sus¬ 
pension . Right half previously water-sprayed; left half not water- 
sprayed. 


Repeated tests have 
shown that this is the 
usual condition,namely, 
that small water-soaked 
areas are completely 
invaded but larger areas 
are not. 

The time that the 
water-soaked leaf con¬ 
dition persists after in¬ 
fection has occurred is 
of great importance in 
blackfire development, 
as is shown in table 2 
and figures 4 and 5. 

Tlie actual number of 
infections secured was 
about the same when 
the leaves were water- 
soaked for 10, 24, or 
50 hours, but with the 
shorter periods develop¬ 
ment of the lesions was 
cut short and dainage 
to the plant was slight. 
Figure 4, ^1, shows that 
it is (piite possible for 
leaves to be freely in¬ 
fected by Bacterium 
a, n g ula tum find then, 
even after epidemic dis¬ 
ease development is 
well under way, the 
progress of the disease 
can be a b r u p 11 y 
cli c c k e d. Tliese re¬ 
sults explain why even 


severe storms, when followed at once by clear weather, arc not effective 
in producing blackfire outbreaks. 


Table 2. ‘—Relation of persislence of vmUr-soaked arcan to disease developm-ent 


J/oaf no. 



Leaf area killed after 10 days Leaf area killed after 10 days 

when water soaking was when water soaking was 

continued for— continued for— 

__ . J^eaf no. __ 


10 hours 

24 hours 

50 hours 

10 hours 

24 hours 

50 hours 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent. 

1 

3 

20 

8. 2 

3 

20 

1 

8 

15 

9. 1 

5 

76 

1 

5 

15 

10... 2 

10 

60 

l 

5 

25 

11. 2 

8 

76 

2 

1 

3 

5 

25 

25 

12. 2 

8 

76 

6 

2 

15 

.\verage. 1.8 

5.4 

37.1 
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Fkh’kk 4.—KlTcct of tlumiion of wiitor-soaked condition on disouse development. Both loaves were water- 
soaked and inoculated alike. With A the water-soaked condition was maintained in a saturated atmos¬ 
phere for 24 hour.s, with ii, for 50 hours. Nolo the heavv infection but arrested disease develojnnent 
on A; with li, the final result was extensive tissue destruction. 

EFFECT OF TOPPING AND FERTILIZATION PRACTICES ON SUSCEPTIBILITY TO 

BLACKFIRE 

lleijjht of topping lias a marked effect on the susceptibility of the 
host plant to e})idomic blackfire, just as was previously shown for 
wildfire. In table 3 results are given from a field test conducted in 
1935. 2 VII plots were uniformly inoculated and conditions were moder¬ 
ately favorable for disease development. Low-topped plants averaged 
10 leaves per plant; high-topped plants, 18 leaves; plants not topped, 
25 loaves. The percentage of leaf area destroyed by disease was 
estimated for 40 leaves from each plot. 

Topping efi'ects are at once marked and consistent, and low top¬ 
ping 18 undoubtedly a major factor in promoting blackfire damage in 
the dark-fired tobacco-producing areas where this practice is essential 
to produce a large, heavy type of leaf. 

It was not possible to make so detailed a study of fertilizer influ¬ 
ences on blackfire development as was made on wildfire development. 
However, numerous observations indicate clearly that low-potash 
and high-nitrogen fertilization increase blackfire damage. These fer¬ 
tilizer effects were very apparent in plot work conducted on soils of 
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low natural fertility, where the same fertilization treatments were 
repeated year after year; but on moderately fertile soils, with the 
application made but a single year, even marked variations in the 
quantities of nitrogen and potash applied in the fertilizer had but 
little effect on blackfire development. 



FiouBE 6.—Effect of water soaking and duration of wator*soaked condition on iilacktlre development tor 
entire plants. Both plants wore water-soaked and inoculated alike. A was then held in a saturated 
atmosphere for 10 hours; n, for 60 hours. Photographed 12 days later. 


Table 3.- —Percentages of leaf area killed following different heights of lopping 


Low loi)ping« 

1 JI igh topping 1 

No toj>i>ing 1 

HO-3U- 8 20 16 

1 2-6-30-6-30 

8- 2 6 2- 2 

lr-V2 20 16- 6 

1 10-10-10 -0-10 

.6- 1- .6- 1 - 4 

2~ 4" 0-10-20 

1 2- 5- 3 -16- 6 

4- 1- 2- 2- 3 

10-12- 4-50-10 

I 10- .6- 4- 8- 0 

..6- 6- 2- 6- 2 

30-10-20- 8-30 

8-3-10-10-10 

.6- 2 8-2.6 

26-16- :> 10- 2 

.6- 8-8-2 8 

4- 5-2(M0- 1 

20-12- fh 3.6-30 

8-40- 2- 8- 8 

2- 6- 3- 4- 6 

' 20-2.6-20-30- 2 

5-30- 8- 4-16 

. .6- 1- 2- 2-2.6 

Average 10 S 

Average 0.5 

Average ,6 4 


I Each of the following 40 iiercentages refers to a separate leaf. The values are arranged in groups of 5 
merely for convenience and to save space. No relationship exists among values occupying similar positions 
in different columns. 

DISCUSSION 

The results secured in these experiments with blackfire, caused by 
Bacterium angulatum, are similar in every respect to those previously 
reported for wildfire, and it seems clear that with types of tobacco 
grown in the United States epidemic development of blackfire is de¬ 
pendent on water soaking of the leaves. Water soaking breaks down 
host resistance and permits successful and rapid tissue invasion by 
the organism. 

Baderium angulatum, while similar in mode of action to Bact. taba- 
cum, is evidently a less virulent parasite. Thus, throughout the work 
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in parallel expieriments, infection with Bact, angulaium in the absence 
of water soaking was less easy to secure and the infections were less 
numerous, developed more slowly, and were smaller; with water soak¬ 
ing and more favorable conditions, these differences still persisted 
though they were not so marked. With favorable conditions, both 
organisms can practically destroy a crop in a short time. 

Some degree of blackfire protection can be secured by high top¬ 
ping, and low-nitrogen and high-potash fertilization is also helpful, 
but these practices can be applied only in areas where the type of 
tobacco grown will permit. They are applicable to the Hue-cured 
area. 

However, it is evident that effective blackfire control must be 
sought by other means, and the most promising of these arc (1) sani¬ 
tation and other measures designed to eliminate sources of infection 
and (2) development of varieties still more resistant to the disease 
than those now available. In the latter connection it is to be noted 
that varieties grown in the United States are practically all moder¬ 
ately resistant to blackfire, which accounts for the fact that they 
suffer little damage from the disease until this resistance is broken 
down by the conditions incident to heavy storms. 

SUMMARY 

Tobacco leaves are readily infected by Bacterium angulaturriy but 
under ordinary conditions invasion is limited to small areas. The 
lesions are usually one-eighth of an inch or less in diameter, and large 
numbers of infections cause but little damage to most types of tobacco. 

It had been suggested that the large, (piickly developing lesions 
characteristic of epidemic blackfire were nonparasitic in nature; but it 
is now shown that they are caused by Bad. angufaiurv^ but only under 
s])ecial conditions, l^ho resistance of the leaf to invasion must first 
be broken down by water soaking, which in turn results from severe 
storms. 

Even after leaves arc water soaked, however, and infection has 
occurred, the development of the disease is abruptly checked if the 
water-soaked condition disappears within a few hours. Epidemic dis¬ 
ease development was repeatedly obtained by water soaking the 
leaves for 48 hours. Resistance of the leaves to water soaking, and 
hence to the disease, has been shown to be greatly modified by top¬ 
ping and fertilization practices. High topping and low-nitrogen and 
high-potash fertilization increase leaf resistance to water soaking, and 
these measures are recommended as practicable in the flue-cured 
tobacco area. 
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ROLE OF MOLYBDENUM IN THE UTILIZATION OF 
AMMONIUM AND NITRATE NITROGEN BY ASPERGIL- 
LUS NIGER ^ 

By Robert A. Steinberg 

Amociaie physiologint, Division of Tobacco and Plant KalritioUy Ihtrvau of Plant 
Industry^ United States Department of Agriculture 

INTRODUCTION 

A study of the factors associated with the very poor growth and 
sporulatiori of Aspergillus niger Van Tiegh under certain conditions of 
molybdenum deficiency, briefly mentioned in a former publication 
is reported in this paper. The evidence obtained renders it quite 
probable that one of the functions of molybdenum in plants is in the 
reduction ])rocesses whereby ammonium nitrogen is formed from 
nitrate nitrogen; that is, the marked effects of molybdenum deficieiuiy 
appear to be associate(l with the presence and utilization of nitrate 
nitrogen. Its action seems to be unique in this regard, inasmuch as 
acidity, iron, zinc, copper, and manganese do not act similarly. 

The data of prior investigations on the utilization of ammonium and 
nitrate nitrogen by green plants (/, 10, //) and by fungi {12, 13) 

liave been explained variously on the basis of hydrogen-ion concentra¬ 
tion and of iron, copper, and manganese concentration. Tiie con¬ 
sensus of opinion is that the processes of nitrate utilization are quite 
similar in green plants and fungi (4) and culminate in the formation of 
ammonium ion for the synthesis of amino acid and protein. Certain 
(lifferencea exist, nevertheless. Green plants would appear to thrive 
best with nitrate nitrogen as a rule, though ammonium nitrogen can 
give results fully as good if the environmental factors are properly 
adjusted. Fungi, however, would appear to be more tolerant of varia¬ 
tions in concentration of ammonium ion and other components of the 
initrient solution. Moreover, certain genera of fungi have been found 
unable to utilize nitrate nitrogen (7, /?). Experimental emphasis in the 
data on nitrogen utilization here reported has been placed on the maxi¬ 
mum yield obtainable at a fixed level of 005 mg of nitrogen per liter. 
This is a minimum value and corresponds to that employed in the 
o])timum solution (dibasic) containing 1.90 g of ammonium nitrate 
(NII4NO3) j)er liter (76*). This procedure is based on the assumption 
that equal growth with two different forms of nitrogen under conditions 
equal or optimum in all other respects implie^s that the rate and extent 
of utilization of each arc idemtical and therefore that no intrinsic dif¬ 
ference in availability exists. 


METHODS 

The organism used in these experiments was Aspergillus niger 
(‘"W” strain). It was ^rown at 35® C. in 50-cc portions of a 5-perc(mt 
sugar solution containing all necessary salts. Water redistilled in 

* Rooeivwl for publicatiou July 2,1937, is.suo(l February 1938. 

« Rofenuice is made by number (italic) to Literature Citod, p. 901. 


Journal of Agricultural llesoareh, 
Washington, 1). C 


( 8 « 1 ) 


Vol. .>5, no 12 
Dee. 15, 1937 
Key no. 0-1078 



892 


Journal of Agricultural Research 


Vol. 55, no. 12 


pyrex glassware, sucrose containing not more than 0.0025 percent of 
ash, and reagent chemicals were used throughout. The mycelial felts 
were harvested, dried at 103°, and weighed as usual. Acidities were 
determined with a quinhydrone electrode. Earlier papers by the 
writer 15, 16) should be consulted for additional details. 

NUTRIENT VALUE OF VARIOUS FORMS OF NITROGEN 

The experimental data of tables 1 to 3, inclusive, form a series de¬ 
signed to test four different nitrogen sources as regards their suitability 
for growth and their effect on the trace-element requirements of Asper- 
glUus niger. The solution used in the experiments of table 1 is the 
dibasic optimum solution (16), except that sodium nitrate was tested 
also with a solution in which inonopotassium phosphate was substi¬ 
tuted for the dipotassium phosphate of the optimum solution. Ecpiiv- 
alent quantities of ammonium nitrate, ammonium chloride, sodium 
nitrate, and urea, at a nitrogen level of 665 mg per liter, were employed. 
The experiments of table 2 are a repetition of those of table I, except 
that each trace element (iron, zinc, copper, manganese, and molyb¬ 
denum) has been increased where necessary to the mirjimum concen¬ 
tration that is optimum for growth. These experiments are again 
duplicated in table 3, but this time each trace element is present in 
minimum optimum (pjantity and the potassium phosphate and mag¬ 
nesium sulphate have each been increased 40 percent. 


Table 1.- Effects of different nitrogen comimmds mg of N per liter) in an 
optimum solution^ (dibasic) on thn gromih of Aspergillus niger at 3/)^ C. for f) 
days, when heavy-metal concentrations optimum for NlhNCh a’crc employed 




NlliNOt 



NH^^1 

Eleiiierit 

omilted 

i 

1 

Yield per 2 5 g 
sucrose 

Proportion of mav- 
imum yield ob¬ 
tained * 

Acidity at harvest 

c 

.2 

"a 

ki 

& 

m 

bL i 

M 

1 ^ 

1 s 
*2 
>1 

Proportion of max¬ 
imum yield ob¬ 
tained 

Acidity at har\ est 

Fe. 

7m .. 

ru. 

Mn _ 

Mo. 

None s_ 

Mtlli- 
1 grams 
i 236.1 
52.5 
U91 7 
[ 766 0 

800 4 
1,120 8 

iVr- 

cent 

21 14 

4.68 
88 48 
68 38 
71 42 
100.00 

pU 

1.90 

2 60 1 
2.81 

1 67 1 
1.73 

2 64 

6,bl 

4,bl 

^.y 

2, bl 

3, bl 
6,bl 

Mm- 
\ grams 
602 6 
90 5 
918 3 
726 3 
1,026 6 
1,007.3 

Per- 

cent 

49 90 
9.39 
91 30 
72.11 
101 82 
100 00 

pjf 

1.59 

2.27 

I 1 38 

1 37 

1 36 

1 3.5 

Maximum.. 
(\ U. 

« 1,131.6 

M.5'26 

i_^ 1 



« 1,070.0 

■ 42’ 80 


PU . 


^7,14 j 



*•7 01 


See footnotes at end of table 


Urea 



ti. 

54 



•o 

S 




C-c 

Ut 

c 



S, 

o 

3 

!r ® 

s r; 

O 


3 

1 

2 ” 

A 

5 3 c 

o 2 5 

s 



a. 

< 


Milh- 

Per- 



1 grams 

cfnt 

p/I 

••i.j 

214 8 

31 62 

2. 47 

4.j 

42.6 

6 27 

2 69 

l,w 

016 9 

90 82 

2 51 

2,j 

737.8 

108 92 

2 17 


724.0 

106 59 

2.24 

2.j 

679.2 

100. (K) 

2 33 


«832,4 





r .33 30 ' 



, 

... 

«6.98 


4, 
iJ.J 
4,1 
4,bl 
K.b! 
10,b 
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Table I. — Effects of different nitrogen compounds (660 mg of N per liter) in an 
opt tm urn solution^ (dibasic) on the growth of Aspergillus mger at C. for o 
daySf when heavy^meial coneeniratwfis optimum for NH^NOi were employed — 
Continued 


NtiNOs 






Propor¬ 


1 


ProiKir- 



Klcrncnt omitted 

Yield per 
2.5 g 
SlKTOSei 

tion of 
max¬ 
imum 
yield 

Acidity 
at har¬ 
vest 

II 

Yield i>er 
2.5 g 
sucro.^e 

tion of 
max- 
imuin 
yield 

! Aeidity 
at har- 
ve.st 

Sjioru- 

lation 



obtained 

!_ 



obtained 

I 







Milli¬ 





graittit 

Percent 

Vll 
;i 28 


grams 

Perant 

1 7>// 

3 20 

8,bl 

Fe - . 

141.3 

20.37 

4J 

282 2 

29 10 i 

Zri_ . --- 

31 0 

4 45 

3 Oft 

2,j 

<)l 3 

ft 32 

2 99 

:4,j 

(hi . 

09H 0 

98 5:( 

2 75 

2,1 

1,013 8 

101.5:4 

2.9fi 

fi,t 

Mu 

055 ft 

92 54 

1 89 

2.j 

937 2 

9« m 

2 05 

l.J 

.Mo 

7:1.4 

10 :i5 

3 03 

3.J 

83 0 

8 55 

2 «9 

3J 

None ^ 

1 708 5 

UK) (K) 

2 99 

8, hi 

909 9 

KW.OO 

2 97 

10,bl 

Maximum. 

V V 

1 " 748 5 

1 *- 

* '-'29'94 



*• 1,0:45 4 

! 41 42' 


-- — 

pH. 

1 

1 * 

1 




1 _ 

’ 4 91 

. 


' _ 


— 

---—_ 

1 _ - 


— 

— 


I Water, 1 ,(KK) cc, sucrose, /iO g, NILNOj, 1.90 g, K 2 HPO 4 , 0 35 g; and MgSO^.TlliO, 0 25 g 
^ rsed 0 55 g of KII..P ()4 instead 0 / 0 35 g of K 2 HPO 4 . 

» Yield from complete medium, with none of the trace elements omitted, taken as 100 nerttmf. 

< Spore color is indicated by the initial letter or letters of the terms “jet," “black/' “browm," “tan," 
“yellows" or “white," and OAtent of sporulatloii by the numerals 0 (no spores) to 10 (entirely co\ered with 
spores). 

5 Trace-element concentrations (milligrams tier liter) w'ere as follows Fe, 0 20, Zn, 0.18, Cu, 0 04; Mn. 0.02; 
and iMo, 0.02 

•’ Maximum individual yield 

I (’ootUcient of utiU/iition, or yield iier 100 g of sucrose 
^ Initial pll of null lent soludou. 


Table 2 r Effects of different nitrogen compounds iSt'o mg of N per liter) in an 
optimum sotutiori ‘ {dibasic) on the growth of Aspergillus niger at ,iC\ for 4 days, 
when optimum heavy-metal concentrations were employed 


NiI,N(i3 I NHiCl I I'rwi 



u. 


% 


!»i} 

e* i 

■* 

~ 

u. 

Vi 
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oimtied 

•r, 

* 

rr 

So 

S-M 

£ 

A 

c 

«o 

- 




A 

li 

S 

ce 

Xi 

3 

Jr- ® 

9 

t 

0 

U c 

St 

© 


0 

1 

P 

> 

>* 

9 >» 

« 

c 



$ P a 

c £ 2 


u 

0 

'TT 

- 

s 

III 

£ 

-r 

3 

c 

rji 

III 

a! 

< 

i 

rr. 


Milli¬ 

Pir- 



MiUt- 

Per¬ 



MtUi- 

Per¬ 



1 

grams 

cent 

P// 

:4,bl 

gra ms 

cent 

pit 

1. bl 

grams 1 

cent i 

pll 


Fe. 

234 3 ; 

22 45 

2 (Kl 

4tk4 6 

48 03 

l 67 

181 ft 

! 20.15 

2 27 1 

2, bl 

Zn. . 

IIH ft 1 

11 :4ft 

2.41 

4 , bl 

43 2 

4 45 ' 

1.93 

4,bl 

100 2 

11.11 

2 71 ! 

2, bl 

Cu. 

9ft5 ft 1 

92 51 

2 148 

l.w 

915 3 

94 22 

1.44 

0 

821 4 

91 10 

2 68 1 

4,t 

Mii_. - 

742 II 

71 09 

1 58 

1, w 

2, bl 

749 4 

77 14 

1.35 

l,bl 

784 ft I 

87 03 

1 96 

4. bl 

Mo _ . 

1)90 5 

6ft 1ft 

1.65 

974 3 

100. :40 

1.42 

:4, bl 

908 8 

100 80 

2 10 

10. 

None 

1,043 8 

100 0 

1 9fi 

8.bl 

971.4 

U)0 00 

1 46 

«,bl 

901.6 1 

l(K).tX) 

1 99 

10, 

Maxiniuiri-, 

« 1,069.4 




«975 8 




« 1,002 3 




C. U. 

' 42 38 



'39.03 

I- - 


' 41). 09 



I>H. 

1 

1 

“■ 7.29 

... 

i 


1 ** 7 . 1:4 







8ee footnotes at end of table. 
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Taulk 2, —Efforts of different nitrogen compounds (6(W mg of N per liter) in an 
optimum solution > (dibasic) on the growth of Aspergillus niger at C. for U days, 
when optimum heavy-metal concentrations were employed —Continued 




NaNOs 


NaNOa* 



Proixir- 




Pro]>or- 



Flenient omitted 

Vield per 
2 5 R 
sucrose 

tion of 
max¬ 
imum 
yield 

Acid It > 
athai- 
vei»t 

Siwru- 
latioii 1 

Yield per 
2 .5 p 
.suerctse 

tjon of 
max¬ 
im mil 
yield 

Acidity 
at har¬ 
vest 

Sporu- 

lation 



obtained 




obtained 




Mt/fh \ 




A/i/Zi- 





QTti ms 

Percent 

pit 


gtnms 

Percent 

pU 


Fe . . 

109 8 

20 67 

3 25 

8, >1 

240 3 

2.5 0.5 

3 .36 

6, bl 

Zn. 

203 4 

21 05 

3 16 

8, bl 

280 0 

29 25 

2 97 

6, bl 

("11 - 

801.4 

89 13 

.3.86 

6, t 

9ft3 2 ■ 

KM) 39 

4 17 

0, t 

Mn ... . 

889 5 

92. ():t 

2 11 

6, bl 

H24 0 

8.5 9:3 

2 05 

0 

Mo . 

lot 7 

10 84 

3 .30 

t), bl 

1.59 8 

16 70 

3 27 

8, bl 

None 

990 5 

1(K) 00 

2 81 

10, bl 

9.59 5 

100 tM) 

3 19 

10,1)1 

iMa\imuni .... 

>' 983 0 




« 90.5 0 




(\ U. . _ 


”'7 39'44' 




‘ ;t8’02' 



pH.-. 

... 


" 7 45 

... 


1 

** 4 85 

- 


1 f()Otnot(‘ 1 , tabl(‘ 3 
Sot‘ foolnolo 2, table 1 
^ See footnote :i, table 1 
^ Seo footnot<‘ 4 , table 1. 

s Traco-elemeu. ooaeeiivra.ums (mit iM‘r liter) were as follows With NHiNOu Fe, 0.24. Zri, 0 2«, Cu, 
0 04, Mn. 0 03, ami Mo, 0 03 With NH4CI. Ke, 0 20. Zn, 0.20. Tu, 0 05, Mn, 0.02, and Mo, 0 02 With 
urea. Fe, 0 24, Zn, 0 20, ('u, 0.04, Mn, 0.03, and Mo, 0 04. With NaNOv Fe, 0 24; Zn, 0 .30, C’li, 0 its, Mn, 
0 05. and Mo, 0 Ofi With NaNOa (aoid)* Ft*, 0 20, Zn, 0 22, On, 0 04; Mm, 0 02, and Mo, 0.02 
S(>e footnote 0 , tablt* 1. 

■ See footnote 7, tabl<* 1. 

See footnote 8, table 1 . 


Table S.--Effects of different nitrogen compounds (OOS mg of iV per liter), in an 
optimum solution ^ {dibasic.) on the growth of Aspergillus niger at ('.for 4 days^ 
when optimum heavy-rneial concentration and a 40-percent excels of potassium 
phosphate and magnesium sulphate were employed. 


— 

— 

— -- 


-- 

-- - -- 

— . _ 



— 
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NH 4 ( 

n 



1 lea 




U; 


' V 


bL 

^ i. 

fe 


u 

' > i 
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Mt 

LB ® 

> 


»o 

!_S ® 

> 


»c 




Kleirient 


■Ss 

CS 



CrS 







oniilted 

v ® 

0 - 5 ; 

0 rz 

S 

"C S'? 

1 c 

c 

.2 

^ 1 

0 

fe 

>. 

a 

0 

S 


® "7 

0 

iS’g 

B . 

>* 

c 

0 


TJ 

S’ s c 

|§5 


s 


2 3 0 


3 

S 3 C 


a 


I 2 ) 

■o 

0 

S. 


|s« 

'S 

c 


3* S ^ 

T* 

0 

U4 

K 


Ih 

(L 

■"'^1 



CL 

< 

V. 


L 


r/j 


Mtlli- 

Per- ' 



MiUi- 

Per¬ 



Mitli- 

, Per¬ 




gtams 

cent 

Pll 


gra ni.s 
363 7 

cent 

pH 


grn rns 

cent 

Pff 


Fe .. .. 

276.9 

26.31 

1 93 

4, bl 

3.5.36 

1 79 

6 , bl 

243 8 

26.69 

2 54 

2 . bl 

Zn . . 

1.36 0 

12 83 

2 38 

.5, bl 

34 8 

3.39 

2 63 

4, bl i 

36 5 

4,00 

2.84 1 

2 , bl 

(Hi .... 

880 0 

84 19 

2.82 

2 , w 

970. 7 

94 .38 

1 42 

1 , w 

2 , bl 

909. 5 

98 46 

2 48 

2 , i)r 

Mn ... .. 

870. 0 

82. 66 

1 65 

2 , bl 

79.5.0 

77.30 

1 41 

822 1 

89 98 

2.27 

2 , bl 

Mo. ... ... 

680 0 

64 07 

1 83 

2 . bl 

1,017 0 

98.93 

1.42 

2 ,bl 

1,008 1 

no. .34 

2.49 

8 , bl 

N one 5 . 

1.0.52 4 

100.00 

2.15 

8 , bl 

1,028. 5 

100 , tK> 

1.44 

4,1 

913 6 

100. (X) 

2 26 

8 , bl 

Maximum, 

'*1,070 1 




<* 1,036.0 




n, 142.7 




r U, .. . 


M2.80 

1 



Ml. 44 ' 




^ 4 . 5 '71 



pH. 


i 7. 36 



«7. 23 



‘<7.*68' 




_ 1 









See footnotes at end of fable 
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Table 3. —Effects of diJfererU nitrogen compounds (666 mg of N per liter)^ in an 
optimum solution^ (dibasic) on the growth of Aspergillus niger at 86° C, for /f- days^ 
when optimum heavy-metal concentration and a Ji.O-percenl excess of potassium 
phosphate and magnesium sulphate were employed —(Continued 




NaNOj 



NaN()3 2 




ProiKjr- 




Propor- 



Element omitted 

j Yield per 

2.6 g 

sucrose 

t ion of 
max¬ 
imum 
yield 

Acidity 
at har¬ 
vest 

Sporu¬ 

lation 

Yield {ler 

2 .6 g 

sucrose 

j tion of 
max¬ 
imum 
yield 

Acidity 
at har¬ 
vest 

Sporu¬ 

lation 



obtained 




obtained 




Millt- 



I ; 

MWP 





gramn 
260. 6 

Percent 

pit 


gra ms 

Percent 

pll 


Fe. 

24 00 

3 27 

4,t 

200 9 

28. H7 * 

3 32 

4, bl 

Zn .. 

80 <) 

f) 9.6 

3. OH 

4. hi 

119 7 

12 08 

2.9H 

2, bl 

('u. 

K26 6 

K3 72. 

i 4 12 

2,t 

929 0 

93 .64 

4.80 

.3,t 

Mn . 

003 8 

97 .6K 

2-27 

3, bl 

H0.6 1 

S7. 10 

2 04 

0 

Mo . _ .. 

HI 0 

7. 9.6 

3.0.6 

3, bl 

US. 9 

11 97 

3. tX) 

4.bl 

None *.. 

1,01H 3 

1 100 00 

1 2 94 

10, bl 

994 9 

1 100 00 

3. 33 

10, bl 






Mii\imum. 

C IT . . 

1 <• 1, 03.6 6 

j Ml 42 

. 


<• 1.00.6 0 

1 MO 22 



Pll . 



.. 


4 ' 93 



1 See footnote 1, tat>le 1. * See footnote 4. table 1. ’ See footnote 7, table 1 

^ See footnote 2, table 1. ^ See fmitnote h, table 2 " See footnote S, table 1, 

See footnote 3, table I See footnote ft, table 1. 

The data of table 1 may be. summarized by the statement that 
eompared to the yield obtained with the dibasic optimum (NH 4 N() 3 ) 
the maximum yields were low only with urea and sodium nitrate (pit 
7 .45). Deficiency tests with the trace elements in these solutions 
yiekled ])oorer results on the whole than with ammonium nitrate, but 
only in the case of molybdenum deficiency in both the alkaline and 
acid sodium nitrate solutions did a significant difference appear. The 
effects of molybdenum deficiency in the latter solutions were a very 
marked diminution in yield and sporulation. The cultures were 
typical in appearajice of those suffering from a marked nutrient 
deficiency of such elements as iron, zinc, sulphur, nitrogen, magnesium, 
or phosphorus (J4), 

In table 2, with optimum concentrations of trace elements, as w^Jl as 
in table 3, where trace elements were in optimum concentration and 
potassium phosphate and magnesium sulphate were in moderate 
excess, the maximum yields wutli all solutions showed good agreement. 
The effects of trace-element deficiencies were quite similar to those in 
the experiments of table 1. Examination of these tables reveals 
that the molybdenum deficiency tests with urea and ammonium 
salt gave the poorest results, those with ammonium and nitrate 
(NH4NO3) gave results of intermediate value, and those with nitrate 
gave the most striking results. Neither moderate increase in acidity, 
and trace elements nor increased quantities of the other essential 
elements modified these results appreciably. 

Though for reasons that wdll be stated later it seemed quite certain 
that the difference in results with ammonium nitrogen and nitrate 
nitrogen were associated with a higher molybdenum requirement in 
nitrate solutions, these experiments were extended to include other 
salts containing ammonium or nitrate nitrogen. Teste were also 
made of the effects at a marked acidity, and of nitrogen supplied as 
asparagine. These results have been tabulated in tables 4 and 5. 
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Table 4. —Miscellaneous expcnmenls on the effects of different nitrogen compound- 
(665 mg of N per liter) in an optimum solution * (dibasic) on the growth of Aspers 
gillus niger at 35^ C, for 4 days 



NaNOa^ 

(hiRh acidity) 

(^H(NOd)j 41120 



KNO 3 


Element 

bo 

•o 

^4 

s 

.tiS 
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*o 
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»o 
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14 
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ea 
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A 

rt 

>. 

a 
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Xi 

as 

d 

.2 
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ox 

. 1 ’^' 
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0 . 1 * 
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1 

2 

S 
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o 

u 

2 

S 
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0 g « 

2 

S 
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JH 

Ph 

< 

CO 
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pH 
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Per- 
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Per- 



Millt- 

Per- 




grams 

cent 

pii 


gra ms 

cent 

pjl 


grams 

cent 

7)11 

3.26 


Fe. 

319 9 

34 98 

3.12 

6 , hi 

139.6 

14 03 

3 12 

4, bl 

235.5 

22 88 

6 , 

Zn__ 

93,1 

10.18 

3 16 

6 , bl 

121 0 

12 17 

2 99 

4, bl 

100 9 

9.80 

3. 04 

4, 

Cu_ _ 

947.1 

103 56 

3 23 

4. t 

879.0 

88.40 

3 28 

2 , y 

1,047.7 

101 77 

3.87 

8 , 

Mn_ 

526 7 

57,59 

2 07 

0 

539 2 

54 22 

3 14 

0 

859 3 

86 48 

2 11 

0 

Mo. . 

245 7 

26 86 

3 02 

6 , bl 

880 9 

88 69 

3 34 

8 , br 

150 5 

14 62 

3.05 

8 , 

None s— .. 

914 5 

100 00 

3.05 

9, bl 

994.4 

100.00 

3 67 

10 , br 

1,029 4 

100.00 

3 08 

10 , 

Maximum., 
C, U. - 

« 1,067.4 




« 1,021 8 




6 1,069 8 




? 42.70 



’■40'87 



'42 79 



pH . 


«2 48 



M.63 



»4 93 ’ 














(NH4)8S04 



(^i(N03)2 4 H 2 O 




Proper- 




Proper- 



Element omitted 

Yield per 
2.5 g 
sucrose 

tion of 
max¬ 
imum 
yield 

Acidity 
at har¬ 
vest 

Si>oru- 

lation 

Yield per 
25 g 
sucrose 

tion of 
max¬ 
imum 
> leld 

Acidity 
at har- 
vest 

Sporu- 

lation 



obtained 




obtained 




Milli- 




MtUx- 1 





gra ms 

Percent 

pll 


f/r« ms I 

J Percent 

pH 1 


Fe. . -- 

254 8 

24 92 

2.12 

4, bl 

66 4 

6 59 

3 06 ' 

2, bl 

Zii.. - .. 

71 9 

7 03 

2 56 

4. bl 

99.0 

9 82 1 

2 98 

2. bl 

Cm .... 

926 0 

90 55 

1.54 

0 

914 7 

90 87 1 

2 36 

6, t 

Mn—. 

629 0 

61 21 

1 .54 

0 

797 5 

79 23 

•1 66 

0 

Mo.—. 

1.018 6 

99.61 

1..51 

1, bl 

938 0 

93 19 

2 72 

1 8, bl 

1 8, bl 

None *. 

1,022 7 

100.00 

1 1.52 

1 

2, bl 

1,006 6 

100 00 

2 73 

Maximum. 

« 1,046.3. 




6 1,207 8 




C U,.- 


"*’ 41 '85" 



'’7’48 31 



. 


' ‘•5 oh’ 



"m’47 









> See footnote 1, table I. 
2 See footnote 2, table 1 
9 See footnote 3, table J 


* See footnote 4, table 1 
5 See footnote 5, table 1 . 
^ See footnote 6 , table 1 . 


' See footnote 7, table 1 
»See footnote 8 . table l 
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Table 5.* —Additional miscellaneouH cxperunents on tkv, effects of different nitrogen 
compounds {665 mg of N per liter) in an, optimum solution ^ {dibasic) on the 
growth of Aspergillus niger at 35^ C. for 4 days 
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.a 
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2 

3 

1 

2 
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§ 

'u 

S 
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*2 
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Hi 


m 


Hi 



in 
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Midi- 
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grams 
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pif 
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pii 
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p!f 

Fe.- 

m) 0 

38 73 

1 73 

5, hi 

200 2 

29 97 

2 57 

170 3 

22 02 

3 33 

Zii.. 

34 0 

3.41 

2 OK 

4, hi 

1.51 0 

17 47 

2 01 

10,1)1 

9(i 8 

12 80 

3 U) 

(’ll _ 

9.30 0 

93 94 

1 42 

2,w 

1, no 9 

127 90 

2.52 

4.t 

803.0 

100 73 1 

3 93 

Mil. .. 

730 8 

73 31 

1 39 

2. hi 

1,088 3 

12.5 3.5 

2 23 

4,1)1 

784 9 

104 2.5 

2 09 

Mo_ 

979 5 

98 30 

1 10 

3, hi 

940. 9 

108 38 

2 40 

10,1)1 

no 8 

14 71 ' 

3 09 

None * . 

990 5 

KM) 00 

1 40 1 

O.hl 

808 2 

100. (M) 

2 18 
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100 00 

3 02 
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s 997. 0 



« 42'(hV 

i 


«’45'4(V 
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.1 

! _ 

i 
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1 ' "i 

1 

i 
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4, hi 
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i) 
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M>r(>:04;2 niho 
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1 

1 1 
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Proi)or- 1 
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Element omitted 
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2 .5 K j 
sucrose ' 

Hon of 
max* 
imuni 
\ icUl 
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; at har- 
1 vest 

1 1 
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1 lat ion 

! 

1 \ lold per 1 
i 2.5g i 
j sucr<)S(‘ 

' 1 ion of 1 

1 ina\- 
1 imum ! 

1 \ leld 
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\ est I 

.8])oru- 
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1 i 
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i 



1 
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! 


; MAd- 





I grains 1 

Pi rant \ 
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\ 3 02 

0, hi 

1 g tarns 

PvTcint j 

pii 1 

2, hi 

Ke .. . 

1 27.5 4 , 

2t» 18 ! 

, 18 8 

1 59 i 

2 85 I 

Zii.. 

I 1.57 2 i 

It) 00 

1 2 91 

0, hi 

! 12 5 

1 0.5 , 

2 94 ! 

2, hi 

C’u . . . 

1 1.017 .1 

107 78 

2 74 

0,1 

1 917.1 

77 0) ; 

2 51 1 

2 , w* 

Mil 

1,010 7 : 

no 90 

2 08 

2, hi 

1 1.0.50 3 

89 40 i 

1 07 1 

2, hi 

-Mo. 

; 1.52 1 1 

It) 15 

1 2 04 

4. hi 

1 1,007 7 

90 30 

2 1,5 

8, hi 

None * . 

! 91'} 8 1 

KKl 00 

1 2 .50 

10, hi 

j 1,181 0 

1(H) (K) 1 

2. 49 i 

1 . 

10, hi 

Maximum . 

(’ 1 

' ' 1,0.51 9 

! i 

42 os' 



! « 1,215 7 

1 48 03 j 

1 


pu. 


' M'^1 

.... 


• 0,94 1 



I ! 


' See footnote 1, tal le 1. 
^ See footnote 3, tiihle I 
See footimle 4, tuhle I 


< See foot note 5, tal le 1 
'' Si*e footnote 0, table 1 


See footimte 7, table 1 
' SiHi footnote 8, table 1. 


A study of all tlio tables reveals that, except in the ease of ealeiuin'^ 
nitrate, the omission of molybdenum resulted in the p-eatest loss iiy 
yield and sporulation with nitrate nitrogen and the least loss w'ith| 
ammonium nitrogen and organic nitrogen {urea, asparagine). ^ Neitherl 
high acidity nor the possible influence of the cation introduced with 
the nitrate nitrogen seems to have been a fa(*tor. The extent of 
grow'tli with deliciency of the tra(*e elements other than molybdenum 
varied to about the same degree as in previous experiments, though 
it seemed on the whole to be somewhat larger than with ammonium | 
nitrate. Though tlie solution with magnesium nitrate gave results! 
that w^ere quite poor witli iron, zinc, manganese, and copper deficien- j 
cies, the results with molybilenuin (leliciency w^re still excellent. 

Comparison of the deficiency yields with sodium nitrate at the three 
different levels of* acidity Inings additional confirmation of previous 
statements by the writer {Id) that acidity decreases the optima or 













898 


Journal of Agricultural Research 


Vol. 55, no. 12 


increases the availability of the trace elements iron, zinc, copper, and 
manganese. Molybdenum, it is now noted, behaves similarly; 
it is also noted that the beneficial influence of acidity is limited at the 
highest pH value in the case of manganese. The combined deleterious 
effect of excess acidity and manganese deficiency on yield and sporiila- 
tion becomes evident at even moderate acidities. 

DISCUSSION 

A comparison of the maximum yields obtainable with ammonium 
nitrogen and nitrate nitrogen in these experiments would indicate full 
nutritive equivalence of these forms of nitrogen. The maximum 
individual yield with ammonium nitrogen was 1,051.8 mg and with 
nitrate nitrogen 1,078.9 mg, tlie difference amounting to only 2.58 
percent of the smaller niunber. The data, moreover, aflbrd an ex¬ 
planation of previous claims to the contrary. Plxperimental evidence 
appearing to support this latter \dew' can be readily obtained if the 
precaution of adjusting each of the other components for maximum 
efficiency is overlooked. However, tables 1 to 8 present unquestion¬ 
able evidence that it is experimentally unsound to omit a check on 
each of the other known (*omponents of a nutrient solution before 
ascribing observed effects wdiolly to variations in even the better 
known constituents. Many of the efl'ects attributed in the literature 
to variation in com])osition or concentration of nutrient salts of nitro¬ 
gen, j)otassium, etc., arc almost certainly due partlv to chance varia¬ 
tions in the essential trace elements wliich the salts contain as im¬ 
purities. 

No verification could be obtained of the claims for special effec^ts of 
aciditv, iron, co])per, or manganese on the utilization of nitrates. 
Their effects on this ])rocess are <piite similar to those of other nu¬ 
trients. The action of increased acidity, as already })ointed out, is 
to make more available the tra(*e elements j)resent so that grow th can 
proceed further. This decu-ease in the optimum concentration of the 
trace elements might readily be attributed to the direct action of 
increased acidity though primarily due to the elements themselves. 
The sharply contrasting results with molybdentirn in ammonium and 
nitrate solutions are unique and not shared by the other heavy metals 
studied. 

^^The results w ith molybdenum might conceivably be due either to the 
relative freedom of nitrates from this element or to a greater re(|uire- 
ment in the presence of nitrates, (fliemical determination of the 
molybdenum content of the reagents w^ould be the logical and definite 
method of deciding this (juestion, but lack of time and facilities ren¬ 
dered this procedure impracticable. Other evidence nevertheless 
aflords sufficient aid to enable one to make a decision. 

The assumption of a greater molybdenum content in the ammonium 
salts supplying nitrogen is not substantiated by the impurity content 
of the other trace elements in these salts, since when they were employed 
in deficiency tests the percentages of maximum yield were approxi¬ 
mately the same. Neither do the sohitions employing nitrate nitrogen 
all re((uire the addition of greater quantities of molybdentim to bring 
about maxinium growth and sponilation. Lastly, spectroscopic 
examination failed to reveal the presence of molybdenum in the ammo- 
ium nitrate used, though a trace w’^as found in the sucrose {!()). 
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Similar results, too, were obtained with a* sample of amnionium| 
sulphate of spectroscopic purity. All the evidence available supports? 
the assumption that nitrates act through their presence and not 
because of their relative freedom from molybdenum impurity; that 
is to say, the need of the fungus for molybdenum is greater wheiii 
nitrogen is sujiplied as nitrate. Or, phrased differently, the trace of: 
molybdenum unavoidably present in the nutrient solution suffices for! 
a greater production of mass with ammonium nitrogen than witli 
nitrate nitrogen. 

It should not be assumed, however, that it is solely under such condi¬ 
tions that molybdenum is requii’ed. The omission of molybdenum 
from the nutrient solution causes a slight but definite diminution in 
yield with other sources of nitrogen tlian nitrate. With improved 
purity of reagents a still greater diminution in yield will probably be 
obtained with ammonium salts also when molybdenum is withheld. 
Though these results lead naturally to the assuin])tion that molyb¬ 
denum functions in the reduction processes of the fungus wherel)y 
nitrate is reduced to ammonia, inolybdeniim doubtless functions in 
other metabolic processes as well. If this viewpoint be (‘orrect, the. 
possibility further suggests itself that the macroscropic appearance of 
the fungus when molybdenum is withheld may be due immarilj^ to 
nitrogen starvation ev(ui tiiough nitrate is present. The symptoms 
of molybdenum deficiency with nitrate nitrogen are quite similar to 
those of nitrogen deliciency, but this is true also of all the others 
excei)t ])otassium, manganese, and perhaps cop])er. The symptoms 
of molybdenum deficiency may be found, therefore, to be somewiiat 
different with ammonium nitrogen. 

Interpolation here of some observations on the response of the 
fungus to molybdenum deficiency w ben nitrogen is supplied as calcium 
nitrate will not be amiss in view of the veiy frequent use of this salt, 
in nutrient solutions for green plants. Both of the samples of this) 
salt tliat were tested woiild appear to be (^ontamijiated with molyb-’ 
denum to such an extent as to render them unfit for deficiency studies 
on this element. Tliis condition is believed not to be accidental but 
to be due to the comparative difliculty of obtaining this salt in a suffi¬ 
cient degree of p\irity.‘^ Lithium, sodium, potassium, magnesium, 
and even ammonium nitrate, of reagent grade, appear much more 
suitable for studies of molybdenum deficiencies. This variation in 
percentage of molybdenum impurity of dift’erent samples of nitrates 
may be a partial explanation, moreover, of their reported varying effec¬ 
tiveness in nutrient solution and as fertiUzer. 

The importance of the impurities present, even in the purest reagents 
now' commercially available for use in studying the responses of plants 
to nutrient variations in culture, is greatly underestimated by^ many in¬ 
vestigators. The many elements that may thus be accidentally in¬ 
cluded are listed in the tabulation that follows. Even this tabulation 
is inadequate, however, since tlie spectroscope is unsatisfactory fo- 
identification of some of the chemical eleinents at concentrations bior 
logically significant. Tentatively, it is estimated that if an element is 
present in quantities greater than 1 part per billion one cannot be 

3 This oi>inion is fully substantiated by data otitalned .shortly after this iiiamiseript was acc*ei»t<}d for 
publication. Kstrcine differences between the molybdenuin content of reagent calcium nitrate of differeut 
manufacturers i.s indicated; some samples contain traces of molybdenum ample for the neetis of the organism, 
whereas others do not. Data not yet published show that marked decreases in yield occurred in certain 
instances with calcium nitrate and also with strontium nitrate and with barium nitrate when molybdenum 
m the nutrient solution wa.s deficient in nuantity. 
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reasonably certain that it is unessential. This degree of purity is 
seldom attainable at present. The only safeguards available are a 
thorough check of all components of the specific culture solution used 
and their employment in the minimum quantities sufficing for maxi¬ 
mum growth under the conditions employed. Neglect of these pre¬ 
cautions is undoubtedly the cause of many of the conflicting findings 
reported in the literature. 

Impurities identified spectroscopically as present in some of the reagents^ used in 
nutrient solutions for Aspergillus niger * 


(^oinJ>ound: Contaminants identified spectroscopically 3 

NH 4 NOn_ Na, Mg, Ca, K(?). 

K2HPO4_ - Al*, Pb* Na*, Ca* Mg, Ag. 

MgS 04 . 7 H 20 _-. Na, Cu. 

F«S04.7H20_ 

ZnS 04 . 7 H 20 _ tv, B(?), As, Mg* Su(?), (^i. Si, Na, Mn. 

CiiS 04 . 5 H 20 ... ,. Fo, Mil, Si, Mg, Ca, Pb. 

MiiS 04 . 2 H 2 ()_Na, Fe, Cu, Al, V, Cr, Si*, Mg*, Ca*. 

Na 2 Mo 04 _ -- Cu, Mn, Fe, Al, Ni, Mg, Ca*, K, Na, Mn, Si, Li, V(?). 

Dextrose^_ __ Li, Na, Sr, Ca, lib, K, Mn, Al, Fe, Ph, Ni, Ag, Cu, Mg, 

Sn, B, Si. 

SrCb.GH^O.Na, Mg. Ba. Hu, Ti(?), Pt, Ir, Ca* Mn, Pd, Si, Tl(?). 


I Those data were obtaim»d by B. C. Brunstotter. associate biochemist, Division of Fruit and Vegetabb* 
Crops and Diseases, Bun^au of Plant Industry, with a Bauseh & Bomb iarge-sizi‘ quarts spectrograph and 
carbon arc. No attempt was made to achieve prior chemical concentration or separation of the impurities, 
however. 

* 1'he following el(*rnents were found in the ash of Asperyitliis ntyer felts mwr in a dibasic oiitimuni .solu¬ 
tion with the above cheniieals. K, Mg, Fe, Ou, Mn, Na, Ca, Sr, Ba, Al, Pb, Ag. V(?). 

3 Strong traces are indicated by asterisks {*), doubtful by question marks. 

< This compound w^as not employed but is inserted for the purpose of giving an idea of the prcdiublc im- 
* purities m sucrose. The data are quoted from Lockwood (/i). 

The relation ascertained to exist between nitrates and molybdenum 
in the metabolism of Aspergillus niger also possibly affords a definite 
clieinioal basis for explaining certain observations on green ])lants. 
Dittrich {3} found that extracts of beet tissue gave a negative test 
for nitrate reductase when the plants were supplied with ammonium 
nitrogen. This observation has been verified by Tiecljens and Blake 
(17) with extracts of apple tree roots. There would seem, therefore, • 
to be a definite correlation in plants betw^eeri utilization of nitrate \ 
nitrogen, presence of reductase, and higli molybdenum re(|uireinent| 
as contrasted witli utilization of aminonium nitrogen, absence of| 
reductase, and minimum need for molybdenum. It slioiild be re-^ 
membered in this connection that enzymatic deficiency in conseciuencc 
of the absence of a suitable substrate has frequently been reported. 

The direct determination of the relationship between reductase and 
molybdenum would be of considerable interest. This element may of 
course function purely as an inorganic catalyst after the manner re¬ 
ported by Kharasch et al. (6) for the oxidation of thioglycolic acid. 
On the other hand, molybdenum may serve to activate nitrate re¬ 
ductase, because it forms an integral part of^the reductase molecule. 
The activation of urease by certain metal ions in the hydrolytic 
splitting off of ammonia fro;n arginine is considered necessary for "this 
reason by Kellerman and Perkins (5). In both the investigations just 
cited the metallic ions are required in traces of fractional parts per 
million only, and are therefore comparable as respects both type of 
reaction and concentration of metal ions to the requirements of plant 
^ metabolism. Moreover, even in vitro, specificity of effect was found 
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to exist in these reactions. That specificity was not found more com¬ 
plete in vitro is probably due to the limitation of a single reaction, 
whereas the organism may, and probably does, employ each essential 
element in several or more reactions simultaneously. Nor, on the 
other hand, is specificity absolute in the organism, as the ])henomenon 
of nutrient substitution demonstrates. 

CONCLUSIONS 

Deficiency tests with Aspergillus nUjer in culture solutions indicate 
that ammonium nitrogen, nitrate nitrogen, and organic nitrogen 
(urea, asparagine) are equivalent in value for the nutrition of this 
fungus. It is necessary, however, to adjust correctly the concentra¬ 
tion of the other essential components of the nutrient solution, par¬ 
ticularly that of iron, zinc, (‘opper, nianganese, and molybdenuin. 
Acidity is of minor importance and is effective cliielly through its 
action in aiding to minimize deficiencies of these trace elements, 
^he response of the oipxnisrn to molybdenum is uni(|ue in that it is i 
definitely associated witli the tvpe of nitrogen nutrition. Molyb- ! 
denuni is required to a greater degree by the organism when nitrate 
is the source of nitrogen than wIkmi ammonium or organic nitrogen 
is the source. Though marked variations in molybdenum content 
of different lots were found to exist, striking deficiency results were 
obtained wdth many of the alkali and alkaline earth nitrates. It is^ 
considered, therefore, on the basis of these and of other facts reported' 
in the literature, that molybdenum is essential for activation of nitrate 
reductase in the redu(*tion processes whereby nitrates are reduced to 
ainmonium for syntlu'sis of amino acid and protein by the plant. It 
is suggested also that biological specificity is a result of chemical 
specificity of an element and pres\unably becomes more complete 
with increase in the number of reactions in which it simultaneously 
particii)ates in the metabolism of the organisni. 
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THE TRANSLOCATION OF DERRIS CONSTITUENTS IN 

BEAN PLANTS' 


By Robert A. Fulton, emaciate entomologist^ and Horatio C. Mahon, assistant 

entomologistf Division of Truck Crop and Garden Insect Investigations^ Bureau 

of Entomology and Plant Ouarantinef (hdted States Department of Agriculture^ 

INTRODUCTION 

In certain field tests with insecticides for the control of the Mexican 
bean beetle {Kpilachna variveHik Mu Is.) the ^row^th of the bean plants 
that formed after the application of a suspension of derris or cube in 
water appeared to receive some protection from infestation. It was 
suspected that this protection was due to the adsorption-absorption 
and translocation of tlie derris or cube constituents. With this in 
mind tests were undertaken to determine whether this ])henomenon 
could be explained. 

GENERAL METHODS OF PLANT TREATMENT 

All the bean plants w^ere grown under greenhouse conditions. At 
the beginning of all tests tlie pots were washed with water to prevent 
contamination, and in the last series fresh soil and new^ pots and 
stakes w’cre used. 

As soon as the first true leaves had formed and the buds of the first 
trifoliate leaves were forming, the plants WTre treated with the derris 
suspension, some by spraying with a compressed-air hand sprayer, 
some by painting the lirst true leaves with a camel’s-hair brush, and 
some by painting only the steins. After the treatment the plants w^ere 
staked and intermingled among untreated plants, with sufficient space 
between pots to prevent contamination. All moisture for plant 
grow th w^as supplied by adding w at^r to the pot saucer or at the base 
of the plant. 

Ifinto beans were used in certain larval feeding tests (A and B, 
table 1), and extracts from the same variety were used in tests with 
goldfish (A and B, table 2). Burpee Stringless Green-Pod beans w^ere 
used in all the remaining tests. 

FEEDING TESTS WITH MEXICAN BEAN BEETLE LARVAE 

In all larval feeding tests but one the leaves w’cre removed from the 
bean plants, and the feeding w as conducted in a constant-temperature 
cabinet operated at 20.7° C. and 60-percent relative humidity, by a 
technhpie developed for toxicological studies of the Mexican bean 
beetle larvae.^ TJie loaves w ere laid fiat on a glass plate approximately 
10 by 10 inches, with the low^er surfaces upw^ard and with the stems 
inserted in individual water reservoirs. An open glass feeding cell, 

I Received for publicuition Aup. 14, 1937, issued February 19.38. 

> Thoauthors wish to acknowltnlge many helpful.suggestions from N. F, Howard and W. H. White tinnng 
the course of this investigation. 

3 FITI.TON, R. a. a technique for the toxicological studies of MEXICAN BEAN BEETLE LARVAE. (In 
preparation.) 
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approximately VA inches in diameter by V/a to IK mcbes high, was 
placed on each leaflet. One second-instar Mexican bean beetle 
larva, reared under laboratory conditions, was placed in each cell, 
except in the second test (B, table 1) when two larvae weie used. 
They were confined by means of a screen-wire top. The plate was 
then placed in the constant-temperature cabinet. 

In one test (.4, table 1) the feeding was done on the plant under 
greenhouse conditions. The cells were placed on the loaves with the 
under surfaces upward, each leaflet resting on a small wooden block 
supported by a wire stirrup. One laiva was placed in each cell and 
confined as described above. Third- and fourth-instar larvae col¬ 
lected from the field were used, but the laiwae were in only fair con¬ 
dition, as it was late in the fall when the test was conducted. 

In all tests the larvae were allowed to feed for a definite time, at 
the end of which examinations were made and mortality and area of 
loaf surface consumed were recorded. The leaf surface removed by 
each larva was determined by placing a “flexible glass” guide marked 
in 2-mm squares directly over the leal. The larvae were transferred 
to new leaves when necessary, and to prevent contamination during 
the transfer, hands were washed with soa]) and water and clean 
camers-hair brushes were used for each type of treatment. 

The results of these tests are summarized in table 1. 


Table 1. —Feeding of Mexican bean beetle larvae on new growth of bean plants 
previously treated with a suspension of derris in water * 
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1 In test A the rotenone content of the riorri.s .su.si>ension was 0.025 iwircent; in all other tests the rotonone 
content of the sus{>ension was 0,0.5 percent 
«1 larva escaped during the first 24 hours. 

The data show that tlie average leaf area removed per larva on new 

f :rowth oi treated plants is definitely reduced, as compared with the 
ceding area removed from untreated plants. Reductions in feeding 
area, 51 and 24 percent, respectively, occurreil when first trifoliate 
leaves from sprayed plants were used (tests A and B). There were 
reductions of 30 and 37 percent, respectively, in the feeding on fii*st 
trifoliate leaves from leaf-painted plants (tests B and C). When new 
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growth from stem-painted plants was used, the average reductions 
m leaf area consumed wore 34 and 30 percent, respectively (tests B 
and C). When second trifoliate leaves from the same plants used in 
the preceding tests were fed (test D), reductions of 42 percent on 
leaf-painted and 34 percent on stem-painted plants occurrod. Third 
trifoliate leaves from the same group of plants used in the two pre¬ 
ceding tests were fed (test E), and even though the original treated 
area was much less in proportion to the total area of new growth after 
treatment, reductions of 32 and 29 percent occurred on leaf-painted 
and stem-painted plants, respectively. 

When the daily totals were compared, it was noted that the area 
consumed per larva from leaf-painted plants was consistently higher 
during the first 24 hours. In the case of the stem-painted plants the 
area consumed on the first day was smaller than on the days of 
subsequent observations (after 2 to 4 days). At the close of the 
tests the total area consumed was greater on stem-painted plants 
than on leaf-painted plants. 

TOXICITY TESTS WITH GOLDFISH 

For the biological tests with goldfish {Carassius auratus) extracts 
were prepared from leaves of the same i)lants that were used in the 
feeding tests. Tliis was done by extracting the leaf material with 
tdiloroform to eliminate ex(‘essive chlorophyll in the final preparation. 
The chloroform extract was evaporated to dryness on a steam bath 
and the residue steeped with an excess of acetone. The acetone 
solution was then evaporated and a known (juantity of acetone 
{idded to this residue. 

The tests wdth goldfish were made in a manner similar to that 
described by Gersdorff.'^ Aliquots of the acetone .solution were 
added to knowui quantities of w ater at the rate of 1 cc per liter. In 
the first test recorded (A, table 2) 1,300 cc of water was used, and the 
solution was divided between two jars, (>50 cc in each. Three fishes 
were placed in each jar. In the remaining tests 1,200 cc of water 
was used, divided between two jars, 600 cc in each, and tw'^o fishes 
were placed in each jar. The jars wore then placed in a constant- 
temperature cabinet operating at 26.7° f\ Observations were made 
at 30-ininute intervals and the time of death was rec^orded. The 
results are shown in table 2. 

In the first test (A) leaves were removed from the new' grow th of 
plants previously painted with a suspension of derris in w’ater. 
The leaves were dried and an extract was prepared from 350 g of the 
material. This extract killed all the fishes in an average time of 
220 minutes. The fishes in the solution prepared from dried leaves 
of the new grow^th of untreated plants w^en', all alive and appeared 
normal at the end of 1,320 minuter. 

Extracts prepared from first trifoliate leaves of leaf-painted and 
stem-painted plants (test B) killed all the fishes used in average times 
of 135 and 165 minutes, respectively. All the fishes were alive after 
1,620 minutes in the solution prepared from untreated plants. 

A third test (C) was performed to determine wdiether toxic material 
could be detected in the first trifoliate leaves by crushing the leaves 
and macerating them with water. The water extract was drained, 

* Gersdorfp, W. a. k methop for the study of toxicity using goldfish. Jour. Amer. Chem. Soc. 
52: 3440<3446. illus. 1930. 

48914—88-3 
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filtered through cotton, and then made up to the same volume as 
used in other tests. All fishes were dead in the water extract of leaves 
from leaf-painted plants in an average time of 445 minutes and in the 
water extract of stem-painted plants in 482 minutes. All fishes in 
the water extract from leaves of untreated plants appeared normal at 
the end of 1,840 minutes. 

Table 2. — Toxicity to goldfish of extracts of new growth of bean plants previously 
treated with a suspension of derris in water ^ 


Test 


A * 

n ... ... 

(• ’ .. .. 
I). 


K. 


Type of treatment 


jfLeaxes i)ainte(l .. 

) entreated points.. 

11 Leaves painted. . 

1 \Sterns iminted_ 

(Untreated plants . . . 

( Leaves painted. .. . 

Stems painted. 

TTntreated plants . . 

(Leaves painted. 

{Sterns iiainted .. .. 
(Untreated plants . .. 

I I-eaves painted. 

Stem.s iminted. 

Untreated jdnnts .. .. 





n’lrne 

after 

treat* 


Aver- 


Trifoliate 

Weiglit 

rnent 

Gold- 

age 

weight 

of 

gold¬ 

fish 


loaves used 

of 

when 

fish 


for extracts 

leaves 

toxicitj 

(osts 

used 




were 





begun 





(•rams 

Pays 

I\u mber 

(trams 

... 1 F inst - . 

1 :m ' 

20 

1 0 

\ H 7 


. .<lo 

2.17 1 


0 1 

2 H 

J - .do .... 

S7 .1 1 

(1 ‘ 

' ^ 1 

1 01 1 

.... do 

• 07 « i 

' III 


2. 77 ] 

. . do . . 

OH 1 


i < 1 

2 12 ! 

.j . do... . 

Ot j 

1 ' i 

■ 1 1 

2 40 I 

. .1 ...do. . .. 

so i 

i 


2 IH 1 

J ...do. 

(5.1 1 


4 1 

2 60 

_ 

Second... 

114 1 

'is 

4 1 

1 78 

. 1 ..do .. . 

lUi ; 

' (w 1 

4 ! 

1 04 

- 1- - do. 

12H 1 


1 ! 

1 18 

1 Third. 

H7 ' 

' 27; 

4 i 

J 41 

.do. ,, . 

t 02 1 

<>- 1 

1 : 

1 80 1 

.do. 

i HI ; 

.i 

1 

1 45 ! 


Aver- 

age 

time 

before 

death 


Min¬ 

utes 

220 


VM) 

IGo 

44r^ 

4«2 

(Go 

202 


Mor¬ 

tality 


Percent 

100 

0 

JOO 

100 

0 

100 

100 

0 

JOO 

100 

0 

100 

100 

0 


1 Derris suspension of 0 OG percent rotenone content w'as used in tdl tests except where a '^^lspollsion of 
0 2.1 percent rotenone was used. 

^ Leuve.s were weighed dry, in all other tests they w’ere weighed green. In this test all the tieated leaves 
had dropfied from the plants when untieated lcave.s were picked 
3 Solutions prepared bj crushing the leaves in distilled water. 


Extracts prepared from second trifoliate heaves (test Dj of the 
same plants used in the two preceding tests killed all tlie fishes in 
the leaf-painted and stem-painted solutions in 105 and 202 minutes, 
respectively. At the end of 420 minutes all fishes in the iintreatefl 
plant extract appeared normal. 

In the final test with goldfish (E) third trifoliate leaves were removed 
from the same plants that were used in the three preceding tests. 
All the fishes were dead in an average time of 112 minutes in the 
extract from leaf-painted plants, whereas in the extract from stem- 
painted plants all were not dead until after an average of 462 minutes. 
All fishes in the untreated plant extract apjieared normal at the end 
of 1,130 minutes. 

The results recorded above show that toxic, ingredients are present 
in the new growth of plants previously treated with suspensions of 
derris in water. 

ISOLATION AND IDENTIFICATION OF ROTENONE 

In one case rotenone was actually isolated from the plant material. 
Eight hundred grams of dry leaves from the new growth that formed 
after the application of a suspension of derris in water (0.025 percent of 
rotenone) was extracted with chloroform. The dried leaf material 
was covered with chloroform and allowed to stand at room temperature 
in subdued light for 3 days. At the end of that time the chloroform 
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solution was removed and the leaf material was again covered with 
chloroform. By using a known weight of leaf material, it had previ¬ 
ously been determined that the cold method of extraction reduced the 
chlorophyll content of the extract. The chloroform extracts were 
evaporated to dryness and the residue was removed with carbon 
tetrachloride. The carbon testrachloride solution was allowed to 
stand for several days in an ice box maintainc'd at approximately 
4^ C. At the end of that time small needlelike crystals appeared in 
the solution. These crystals were washed with a small quantity of 
cold carbon tetrachloride, recrystallized from acetone to convert any 
solvate present to rotenone, and the melting point was then deter¬ 
mined. Only 8 mg of this material was recovered from 800 g of dried 
new-growth leaves. The crystals gave the characteristic test with the 
Ciross-Smith ^ colorimetric method, and had a melting point of 163.5° 
(\, or approximately the melting point of rotenone (163° C.). The 
crystals were also tested by the use of the blue color test of l^urham 
and they gave a color similar to that produced by bromothymol blue 
indicator at pll 7.2. 

One milligram of this material was added to 650 cc of water contaui- 
ing 0.6 cc of acetone as a dispersing agent and tested with three goldfish 
at 26.7° C. AH the fishes were killed in an average time of 77 ininutes. 

SUMMARY AND CONCLUSION 

A definite retarding in the feeding of Mexican bean beetle larvae has 
been observed on tlie new growth of bean plants that have been 
ti’oated with derris |)o\\der. First, second, and third trifoliate leaves, 
formed after the first pair of true leaves had been treated, were fouml 
to be less palatable to bean beetle larvae than vsimilar leaves from 
untreated plants. 

Kxtracts ])repare(l from first, se(*ond, and third trifoliate leaves 
formed after the application of derris ])owder to the first pair of true 
leaves caused 100-percent mortality to goldfisli. Extracts prepared 
from first, second, and third trifoliate leaves from untreated plants 
were not toxic. 

A water extract pref)ared by macerating new growth of bean plants 
that had been treated with derris w^as fatal to goldfish. 

In one case, where a large quantity of new-growth material was 
available, a crystalline substance resembling rotenone was isolated. 
The material when purified had a melting point of 163.5° C., gave the 
characteristic color with the Gross-Smith method, and the blue color 
test of Durham. One milligram of this substance in 650 cc of water 
at 26.7° C. killed tliree goldfish in an average of 77 minutes. 

These experiments demonstrate that derris constituents are trans¬ 
located from the outer surfaces of leaves to first, second, and third 
trifoliate leaves formed after the application of derris powder in w’^ater 
suspension to the first true leaves and stems of bean plants. 

* (jRosa, C. K., and Smith, C. M. (OI-okimetwc method for the determination oi- rotenone. 
Jour. Xssoc. Off. Agr. Chem. 17. 336 330. 1034. 




QUANTITATIVE INJECTION AND EFFECTS OF NICOTINE 

IN INSECTS ‘ 

By N. E. McIndoo 

Se7iior erUojuologist^ Division of Control Invesiigaiions, Bureau of Entomology and 
Plant Quarantine, United Slates Department of Agriculture 

INTRODUCTION 

Ni(*otine is used as an insecticide chiefly for the control of small, 
soft-bodied, sucking insects. As ordinarily applied in sprays or 
dusts, it is ineffective against many species of caterpillars, beetles, 
flies, etc., either be(*ause it does not reach the vital parts of these 
insects or be(‘.ause it is not sufficiently toxic to them. It is therefore 
of interest to know whether certain species that are considered re¬ 
sistant to nicotine are actually susceptible when this material is intro¬ 
duced by injection into the body cavity. This study dealt with the 
improvement of apparatus for the quantitative injection of solutions 
into insects, the comparative susceptibility of various species to 
nicotine, the effect of age of insects on susceptibility, the difl'erence 
between the toxhity of nicotine and that of nic^otine sulphate, and 
other toxicological problems. 

INJECTION APPARATUS, MATERIAL, AND METHODS 

An attempt was made to use apparatus more ac(‘uratc and more 
easily handled than any yet designed to feed or to inject (luantitative 
doses into insects. A micrometer syringe (fig. 1, A), described by 
Trevan (7) ^ was used apparently for the first time to inject measured 
volumes of an insecticide into insects, although Storey {(>) had pre¬ 
viously used it to inject jdant viruses into leafhop})ers. This ap- 
l)aratus consists simply of an ordinary liypoderrnic syringe (s), the 
plunger of which is actuated by the head (h) of the micrometer (m), 
which is fastened to the syringe by a clamp (c)- It was calibrated 
with distilled water in the Volumetric wSection of the Bureau of 
Standards. A movement of the micrometer head through live 
divisions delivered 0.00124 cc (1.24 mm^) with an error of less than 
4 percent. A 27-gage steel hypodermic needle (a) 30 mm long was 
used on the syringe. 

VarioTis means of mounting and manipulating the syringe were 
tried. The arrangement illustrated in figure 2, ^1, was adopted, the 
syringe (s) being rigidly clamped in a horizontal position on the 
pillar {inp) of a disse(*ting microscope. The syringe was moved up or 
down by rack and pinion and in a horizontal plane by pushing the 
microscope base (rnb) with both hands. Under the micrometer 
head (A) a wooden support {ws} was mounted to steady the hand 
while turning the micrometer screw. 

‘ Received for publication Aufiust 4.1937; itssued February 1938. 

* Referentje is made by number (italic) to Literature Cited, p. 921. 
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Fi(;ukk 1 - Micrometer syringe iviui other devices use<l U> inject insects .d, Micrometer syringe showing 
hypodermic needle (n), syringe (s), clamp (c), micrometer (m), and miciometer heail (h); B, shell vial 
closed with a hollow cork stopiier (b) whose outer end is covered with cheesecloth (ch); (dev ice to remov e 
Hies from vials, consisting of small glass tube (t), larger glass tube (It), and rubber tube (r); JJ, steel rod to 
transfer flies, E, device to hold fly (/) duiing injection, consisting of wooden support (« #), its .shank (.v^), 
glass holder (A), and giarnmed cloth {(f) to constrict opening in holder, 7'\ wire to remove fly from glass 
liolder, 6\ device to hold larva (I) dimng injection, snowing line wire grids (ir) and rubber band (A) to 
liold the frames together. 



FiatJBE 2.~Apparatus used to inject flies and containers for them: A, Micrometer syringe mounted on 
pillar (mpy of dissecting microscope, showing base (mb) of microscope, wooden support (ws), needle (n), 
syringe («), wooden clamp (c) to hold syringe, micrometer (tw), and micrometer head (A); /i, ring stand 
(r») and clamp (c) to hold wooden support («o«) and fly (/); C, binocular microscoiie; D, rack and shell 
yfais tn which the treated flies were kept. 
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Adults and larvae of the green-bottle blowfly {Lucilia sericata 
Meig.)> th© black blowfly (Phormia regina Meig.)> ^-Tid the blue-bottle 
blowfly {Calliphora erythrocepliala Meig.) were used in most of the 
experiments. They were reared in the manner akeady described by 
the writer {4). Mature or nearly mature larvae of the following 
lenidopterous species were used in other tests: Eastern tent cater¬ 
pillar (Malacosorna americana (F.)), codling moth (Carpocapsa 
pomonella L.), silkworm (Bombyx mori L.), and southern armyworm 
(Prodenia eridania (Cram.)). Neiudy 4,000 insects were injected, 
and when large numbers of a species w^ere used for a single solution 
tlie figures were treated statistically. 

Solutions of pure nicotine and of nicotine sulphate in distilled water 
were prepared for the waiter in the Division of Insecticide Investiga¬ 
tions. These solutions were diluted with distilled water by the 
writer to make the following percentage concentrations of nicotine: 
4.0, 3.0, 2.0, 1.5, 1.0, 0.8, 0.5, 0.25, 0.125, 0.002, and 0.031. A solu¬ 
tion of each concentration was stored in a small bottle wTapped with 
black paper. Distilled water w^as used for check injections. 

Shortly before a series of injections a suflicient number of ventilated, 
stoppered vials (fig. 1, 7i), 18 by 75 mm, were weighed collectively. 
The flies were then caught, one fly of known sex to a vial, by placing 
an unsto])pered vial over the desired fly in the rearing cage. The 
stoi)pcred vials were weighed again, and the average weight of a fly 
was calculated. A set of flies consisted of 20 individuals, usually 10 
males and 10 females. The vials holding them were placed on a 
rack, shown in figure 2, 1), 

To inject a fly it was necessary to hold it mechanically under a 
binocular microscope (fig. 2, C), This was done as follows: The fly 
was j'cmoved from its vial by means of a glass tube (fig. 1, C). The 
larger tube (It) was inserted into the vial, and the fly was made to 
pass through it into a smaller tube (<), from which it was forced by 
a steel rod {!)) into a glass holder {K, h). The shank (E^ sk) of a 
wooden holder (ww) w as finally thrust full length into the holder, thus 
forcing the abdomen of the fly (/) through the constricted end to the 
exterior. Two sizes of holders were used, according to the size of the 
lly injecited. Similar holders for queen bees have been described by 
Nolan {6, p. 21), 

The flics w'ere usually injected on the left side betw^een the second 
and third abdominal segments halfway betw^een the ventral and 
dorsal niidlines. The needle w^as inserted the wddth of the second 
segment, allowed to remain fur 15 seconds, and then pulled out slowd}". 
The fly was immediately removed from the holder by a wire with a 
hooked end (fig. 1, F) and placed in its vial. About an hour w'as 
required to inject 20 flies. Each vial, containing an injected fly and 
sugar solution on cotton, was replaced on the rack for observation. 
During the period of injection the temperature of the vials was held 
at al)out 29° C., but thereafter it was uncontrolled and fluctuated with 
room temperature, llockenyos and Lilly (I) determined that tem¬ 
perature was not an important factor when they injected nicotine 
into caterpillars. 

During injection the larger larvae were held between two wooden 
frames with wire grids (fig. 1, O, w). The lower frame was extended 
bevond the grid to provide a means for clamping it to the ring stand. 
A larva was placed on the grid of the lower frame, and the grid of the 
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upper frame was placed over it. The two frames wore held together 
with a rubber l)and (6', 6) so placed that the laiwa was not injured by 
compression but was prevented from sciuirming loose. Smaller 
larvae were held between the grid of the upper frame and the exten¬ 
sion of the lower frame. The needle of the syringe was inserted in the 
side of the larva between the fourth and fifth abdoinirial segments, 
counting from the posterior end. To prevent bleeding, the needle 
was left in the insect for 1 minute and then gently removed. The 
injected larvae were given food and confined for observation in small 
wire-screen cages. 

Several kinds of records were taken. Ijongevity records, or counts 
of the number of dead insects, were made at 4 p. m., and three times 
daily thereafter, at 9 a. m., 12 m., and 4 p. m., until all the insects 
were dead. In some (*ases, for the sake of greater accuracy, (‘ounts 
were made hourly. The average length of life of the insects in the 
set was then calculated. At the same time activity records were 
taken on the following basis: No movement was represented by 0, 
very slight movement by 1, slight movement 2, considerable move¬ 
ment (able to stand on feet) 3, fair activity 5, nearly normal activity 
7, and normal activity 10. Those figures were then averaged on a 
percentage basis. Insects that were apparently lifeless weiv warmed 
under an electric lamp to bring out any latent activity. Finally, a 
paralysis record was kept to measure the duration of paralyzation; it 
included the fii*st-reaction time, or the period after injection before 
the insect showed the first signs of life, and the revival time, or the 
period after injection before the fly was able to get upon its feet. 

COMPARATIVE SUSCEPTIBILITY OF VARIOUS SPECIES OF INSECTS 

A long series of tests was conducted to determine the comparative 
susceptibility, on the basis of body weight, of various species and the 
sexes to nicotine. Both nicotine and nicotine siiljihate were injected, 
but the quantities are expressed as pure nicotine. An eflbrt was 
made to keep the activity between 5 and 6 percent and the longevity, 
based on 100-percent mortality, at about 24 hours. The suscepti¬ 
bility was expressed as the body weight of the insect that was killed 
by 1 mg of pure nicotine. 

The (lata for these tests are given in table 1. Since 2,727 mg of 
Lucilia males and 302 mg of Phor/uia larvae wore killed by 1 mg of 
nicotine, the flies were about nine times as susceptible as the larvae. 
Lucilia males were considerably more susceptible than Lucilia 
females; Calliphora males and females were practically the same, but 
much less susceptible than Lucilia; codling moth larvae were about 
equal in susceptibility to Lucilia females; and the other larvae were 
much less susceptible than any of these insects. It is difficult, and 
sc^metimes impossible, to kill the southern army worm by applying 
nicotine compounds to foliage, and the figure given in the table bears 
this out. The susceptiblity of the larval forms, except that of the 
codling moth, was about half that of the irnaginal forms. 

Although 120 tent caterpillars were also used in these tests, the 
figures are not included in table 1. If the dosage given to them had 
been doubled, their susceptibility w’^ould probably have been similar 
to that of the silkworm. 
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Table 1. —Comparative susccpiihiliiy of various species of insects and their sexes to 
nicotinef based on 100-percent mortality 


Species and sex 


Lticilta, males.. 

Lucilta, females. ... 

( Wiphora, males. 

(Wiphoraf females. 

("odllng moth larvae. 

Silkworms (fourth-instar).. 

Southern army worms. 

Phormia larvae (full-grown) 


Insects 

Average 

weight 

of 

insects 

Nl(X)tine 

injected 

l)er 

insect 

Average 

longevity 

Average 

activity 

Body 
weight 
of insects 
killed by 

1 mg of 
nicotine 

Numher 

Mg 

Mg 

Hours 

Percent 

Mg 

100 

27 

0.0099 

23.7 

5.4 

2,727 

/ 90 

38 

.0248 

26 4 

6.1 

1,532 

1 90 

42 

.0372 

24.5 

6 2 

1,129 

100 

69 

.0744 

21 6 

.5.0 

927 

100 

77 ! 

.0843 

26 1 

5 3 

913 

60 

44 

.m2 

20.3 

6 1 

1,182 

60 

617 

.7440 

27.0 

6 1 

095 

20 

62.5 

1.2400 

40 3 

6.7 1 

504 

40 

7.5 

.2480 

21 3 

.5.7 j 

302 


Numerous control tests, in which distilled water was used, were 
lik(3wise conducted. Doses of it equal to those of the insecticides 
had little or no effect on the insects. The longevity was practically 
the same as that of untreated insects and the activity was 100 percent 
or nearly so. 

EFFECT OF AGE ON SUSCEPTIBILITY OF FLIES 

Pearlier tests indicated that the age of the injected flies affected 
their susceptibility to nicotine, and that if more consistent results 
were to be obtained greater attention would have to be given to the 
age of the inse(‘Ts treated. A series of tests was therefore conducted 
with 20 Phormia flies, 10 males and 10 females, of various ages. A 
dose of 1.24 mm^ of li-percent nicotine solution was first tried to see 
if curves coidd be drawn representing the daily toxicity, based on 
longevity and activity records, during tlie lifetime (24 days or more) 
of the flies. This concentration was too high, how ever, for the curves 
(fig. 3, a and h) quickly ascended from the first to the fourth day 
and then quickly descended to the sixth day. A dose of 1.24 mm^ 
of a 2-percent solution was next tried. This concentration produced 
curves (c and d) which rose quickly to the fifth day, but descended 
less rapidly to the twelfth day, and thereafter it was too high, for 
the activity had readied 3.3 percent and the longevity had reached 
17 hours, both of which figures w'erc the lowest that could be recordeil 
on the scale use<l. After the tw-elfth day 0.5- and 0.25-percent solu¬ 
tions were used, and the average longevity was 17 hours on the 
fourteenth and eighteenth days, respectively. Flies 14 days old 
were therefore killed with 0.0031 mg of nicotine (0.25-percent solu¬ 
tion) in 17 hours, while flies 5 days old were killed witli 0.0248 mg 
(2-percent solution) in 22.2 hours. The old flies were more than 
eight times as susceptible as the yoimg ones. The control insects, 
injected with distilled water, were affected little or not at all, even 
after the twelfth day, while those injected with nicotine were quickly 
paralyzed and soon died. 

The flies were most resistant on the fourth and fifth days, but 
thereafter their susceptibility increased with age. Upon emerging 
as adults the flies wrere weak, but they gradually gained strength and 
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on tlie fourth day began to lay e,ggs. This information may explain 
why the curves as(‘end from the first to the fifth day, but the increasing 
age of the flics certainly explains why the cuitcs descend thereafter. 

The comparative susceptibility of Phoruvia flies of difl’erent ages 
to various concentrations of nicotine was also studied from hourly 
longevity records, lii this case the susceptibility ratio w'as obtained 
by dividing the body weight of the insects by the weight of nicotine 



Figure 3.-ICHoct of age of flios (Phornua) on lovicity of nicoliiio. o, Aotivity, und b, Iorig(‘\ ity, illi 3-iK‘r- 
cent .s(flutioii, c, ncti\ity, and d, long(‘\it>, with 2-pmont solution. 

injected and then dividing tliis quotient by the longevity. The 
results are shown in table 2. Flies 5 days old are shown to be more 
resistant than flies 3 days old. Flies 5 days old showed no differencii 
in toxic efl’ects when injected with the same (juaiitity of iii<‘otine in 
1- and 3-percent solutions. BotJi the longevity llgures and the sus¬ 
ceptibility ratios show that the males were more susceptible than the 
females. On the basis of milligrams of nicotine injected, the Ifl-day- 
old flies were six times as susceptible as the 3- and 5-day-old flies, 
whereas on the basis of the susceptibility ratios they wVre nearly 
seven times as susceptible. 
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"Fable 2. — Comparative suaceptibility of Phormia flies of different ages to various 
concentrations of nicotine^ based on hourly longevity records 



Wpight of flies 

Nicotine solution in¬ 
jected 

Longevity of flies j 

Katio of sus¬ 
ceptibility 

Aife of flips (days) 

Fe¬ 

males 

Male.s 

Coll¬ 
een tra- 
tioa 

Dos<‘ 

Con¬ 
tent of 
pure i 
nicotine 

Ke- 

Tiiule.*) 

^ rales 

Aver- 

a«e 

Fe- 

lilules 

IVlalef# 


Mg 

Mg 

Percent 

Mmi 

Mg 

J fours 

Jfours 

Hours 



'A _ - 

42 

AH 

A 

J 24 

i 0 0372 

0 3 

i> 

7 9 

121 

15. 


4f) 

40 

A 

3 24 

1 0372 

9 f> 

h 3 

H 9 

J2f) 

131 

<) _ - _ 

4f> 

40 

1 

A 72 

fI372 

9 r. i 

HA) 

H H 

127 

1.1‘ 

If) 

50 


5 

1 24 

00(»2 

9 .') 1 



849 

__ 










COMPARISON OF TOXICITIKS OF NICOTINE AND OF NICOTINE 

SULPHATE 

Early tests with 2- and 3-peroeiit solutions indicated that nieotiiie 
was more toxic to Lucilia than nicotine sidphate. On the basis of 
100-percent mortality the activity records showed the free nicotine to 
be 14 percent more toxic than the nicotine salt, whereas the longevity 
records showed it to be only 8 percent more toxic. On the basis of 
oO-percent mortality the nicotine solution was 8.4 percent more toxic, 
accordini^ to the longevity records. From later activity records based 
on lOO-percent mortality it was determined statistically that tlie 
nicotine solutions wei*e not more toxic to female Lucilia than the 
nicotine sulphate solutions. The methods used allowed too many 
larg^e deviations, and later it was ascertained that the nicotine solutions 
were the more toxic. In all instances the solutions of nicotine and 
nicotine sulphate were prepared on the basis of equal nicotine content. 

In the hope of getting more accurate results, the toxicities of nicotine 
and nicotine sulphate were compared by the ])aralysis method. A 
dose of 1.24 mm^ of ().25-])ercent solution was injected into each fly 
of five sets of Phonnia females and two sets of Iltormla males. For 
the males the average first-reaction time for nicotine was 17.9 minutes 
and for nicotine sulphate 15.8 minutes; the average revival time for 
nicotine was 44.9 minutes and for nicotine sul[)hate 42.9 minutes. 
These figures show nicotine to be the more toxic. 

The data for the females are given in table 3. According to the 
first-reaction time nicotine is 22.2 percent more toxic than nicotine 
sulphate, but according to the revival time it is 21).5 percent more 
toxic. These figures may be considered reliable, because, according 
to the statistical test, the probability of such diff(u*ences occurring 
by chance is only 1 in 100. 

The pll values of the solutions of nicotine and nicotine sulphate 
differed. Hockenyos and Lilly (/) determined that the effect of 
varying the acidity w"as very slight. In (control tests the WTiter used 
potassium hydroxide and hydrochloric acid in distilled water and 
concluded that hydrogen-ion concentration alone had little effect. 
Levy^s saline solution was slightly bettor than distilled w-atcr for 
control tests, but insecticides are never dissolved in it. Other tests 
in which large volumes of distilled water were injected into flies show^ed 
that the insects occasionally tolerated a dose equal to one-fourth 
the body weight. 
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Table 3. — Difference between toxiciiies of nicotine and of nicotine sulphate to 
Phoririia females ns determined from paralysis records 





Pirst-roaction tlino 

Revival time 


Oroup ijo. 





N icotine 
sulphate 



Nicotine 

Nicotino 

sulphate 

Nicotine 




Minutes 

Minutes 

Minutes 

Minutes 

K- 



j:i 4 

11 G 

47.3 

33 2 




14 G 

13 1 

44.9 

32 7 




IG 1 

13 2 

35 9 

25.0 

4 .. 



IS 4 

11 3 

33 4 

30 4 

r. . 



14 4 

13,7 

32 1 

31.9 

Moan 1 _ 

- 


15 5 

12 G 

38 7 

30 7 

Difforppco.- 




2 H jb 1 24 


8 1 =b 2.59 

Probability... 
Total samplos. 



. 

01 


>.01 

- 

mmibi'r 


60 

‘ "43 

4G 


^ Mean of total iMiinhor of samplos in tins five proups. 


COMPARISON OF TOXICITIES OP NICOTINP] IN DISTILLED WATER 
AND OF NICOTINE SULPHATE IN POTASSIUM HYDROXIDE 
SOLUTION 

To free the nicotine in the 0.25-percent nicotine sulphate solution, 
a O.l-percent solution of potassium hydroxide was used instead of 
distilled water to reduce the 20-percent solution of nicotine sulphate to 
this dilution. In controls a 0.1-percent solution of potassium hydrox¬ 
ide produced no signs of paralysis. In comparative tests five seds of 
Fhonnia males and females were injected with this solution and willi 
a 0.25-percent solution of nicotine in distilled water. The r(»sults are 
given in table 4. The differences between the average results ob¬ 
tained were slight and not significant. The freed nicotine in the 
nicotine sulphate solution was, therefore, equally as toxic as the other 
free-nicotine solution. 


Table 4. —Difference between toxiciiies to Phormia males and females of nicotine in 
distilled water and of nicotine sulphate in potassium hydroxide solution as deter¬ 
mined from paralysis records 


First-roactioii time 

Kevivul lime 

Oroup 110 

Nicotine 

Nicotine 

sulphate 

Nicotine | 

Afinutes 

40 4 
39 0 
43.4 
43 2 
37 8 

Nicotine 

sulphate 

1 .. .... 

Minutes 

13 2 1 
9 4 
15 3 

13 3 

14 2 

Minutes 

14 G 
11.8 

13 4 
19.8 

14 9 

Minutes 

38 4 

39 7 
41.7 
37. G 

40 1 

5__ .. . .... 

Moan. - ... __ _ ... 

Difforonco _ __ 

13 1 

14 9 

40 8 

39 5 


l.Srfcl.OG 

>.20 

50 


1 3=lr2.9r) 
>.60 
42 

Probability...... 


Total samples, ..number.. 

1 

50 

42 


1 Moan of total nuinb(‘r of samples in the five groups. 


A STUDY OF SYNERGISM 

Levine and Richardson {^) made a study of synergism by injecting 
intto cockroaches nicotine solutions made up in 0.1-molar solutions of 
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chlorides and bicarbonates of potassinm and sodium and in distilled 
water (the control). Three of these salts increased the toxicity of 
nicotine, but potassium chloride was the best for this purpose. The 
writer compared the toxicity of nicotine solutions in distilled water 
and in 0.1-molar potassium cliloride. 

Three sets of Caliiphora females, 13, 14, and 15 days old, were 
injected with 0.25-percent solutions, the dose being 2.48 mm*^, or 
0.0062 mg of pure nicotine. The solutions were prepared by diluting 
one portion of the 20-percent nicotine solution with distilled water and 
another portion wnth 0.1-moIar potassium chloride. The potassium 
chloride solution, used alone as a control, caused no sign of paralysis. 
As judged by the revival time, which is more reliable than the first- 
reaction time, the nicotine diluted with the potasshim chloride solution 
was 10.4 percent more toxic than that diluted with distilled water, but 
when the figures, including many large deviations, were treated 
statistically there was no significant difference (table 5). If 100 
flies, instead of 30, had been injected with each solution, the difference 
between the means miglit have been significant. 

TABiiE 5. — Difference between ioxicities to (\illiphora Jltea of nicotine dissolved in 
distilled water and of mrotine dissolved in O.l-molar potassium chloride solution 


yirst-nwlKHi tiino | Hi“v i\m 1 time 



(Iroup no. 

' Nuotmebi 
distilled 

1 \\ ater j 

Nicotine in 
IM)tassium 
chloride 
solution 

i Nicotine in ! 
distilled , 
water 

Nicotine in 
jiotassium 
chloride 
bolut ion 

. 

3 ... 


! 1 

i Minuter 

. 1 11.3 

. 1 It) (i 

. ! 112: 

MtinUes 

10 3 
12 0 

9 5 

Mtnules 

37 1 
39 3 
39 1 

Minutes 

43 3 
40 K 
43 4 

Mean 

_ . • 11.0 j 

10 e 

39 5 

42 .5 

Differoru'f'... 


1 

! 0. 4±l 12 


4 0±5. 74 

I'robubility. 


j .. 

, W 


.40 

'I'otal samples-- 

---- 

. ---number i 30 

30 

1 

2H 

2S 


> Mean of total nuinln'r of saiui.le^ in the 3 grouiis. 


A STUDY OF MOTOR PARALYSIS 

To ascertain more accurately the effects of nicotine on flies, the 
paralysis method w^as further used in a study of motor paralysis. In 
the first series of tests the reactions of Phormia flies 2 to 6 days old 
were compared with those of Phormia flies 23 to 30 days old. The 
first-reaction time and the rexdval time of the young flies did not 
differ greatly among themselves, but they did differ widely from those 
of the old flies. All the injected flies were totally paralyzed, but the 
period of paralyzation depended on the percentage of nicotine used 
and the age of the flies. The old flies were the more easily paralyzed 
and the paralysis lasted longer. 

Tests were also made with six sets of Phormia flies ranging in age 
from 9 to 16 days. Flies of the age indicated were injected with 
doses of 1.24 mm^ of nicotine solution of the following concentrations: 
0.031 (9 days), 0.062 (10 days), 0.125 (11 days), 0.25 (12 days), 0.5 
(15 days), and 1 percent (16 days). The weights of pure nicotine 
in these doses were 0.0004, 0.0008, 0.0016, 0.0031, 0.0062, and 0.0124 
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mg. The curves for first-reaction time (a) and revival time (6) in 
figure 4 start near 0 minutes when the smallest dose was used, and 
gradually ascend as practically straight lines. The curve for the 
first-reaction time is continued the full distance, but that for the revival 
time runs only one-fourth of the distance, because most of the flies 
failed to revive when they were given doses of 0.0002 and 0.0124 mg. 
Increased age caused these lines to ascend slightly, but increased dose 
caused most of the rise, as shown in previous tests. 



Three sets of Calliphora, 7, 8, and 10 days old, were injected, respec¬ 
tively, with 2.48 mrn^ of 0.125-, 0.25-, and 0.5-percent nicotine solu¬ 
tions. Since this dose of the 0.125-percent solution paralyzed only 
half the females, a 3.72-mm'* dose was then used. The weights of 
pure nicotine in this dose were 0.0046, 0.0062, and 0.0124 mg. Again 
the curves (fig. 4, c and d) gradually ascend as practically straight 
lines; and since the three sets of flies were of nearly the same age, 
increasing ag(^ had practically no influence on these curves. Table 6 
shows that the males wti'c always more susceptible to nicotine than 
the females. The susceptibility ratio in this case was obtained by 
dividing the weight of the flies by the w'cight of nicotine injected, 
multiplying this (iiiotient by revival time, and dividing this product 
by 1,000. 

Table 0 .- SuHcrphhibhj of Calliphora to nicotine as shown by a study of motor 

paralysis 


Nicotino 

injected 

(mg) 

S(ix of flics 

Wciuht of 
flics 

First-reac¬ 
tion time 

Kcvi\ ul 
time 

Fatio of 

SUhCCpt l- 

Oility 



Mg 

Minuter 

Mtnufex 



fP’omaU's.. . 

60 

1.4 

10 4 

136 

0 0040 

jMiilcs .. .. _ 

50 

11 2 

55 7 

605 


1 Averai3;('. 


6 .3 

33 0 



Females ___ _ _ 

! 00 

9.6 

47 0 

455 

0062 

.. . _ . 

: 60 

10 9 

64 8 

622 


AveraKo... 


30. 2 

55 9 







__ 


jFemalos... . . 

67 

60 

13 6 
24 1 

57 7 
100 0 

312 

484 

0124 

Males.. . 



Averauc... 


18 9 

78 8 
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SYMPTOMS OF NICOTINE POISONING 

Id ] 91 () the writer (3) ^ave the first detailed description of nicotine 
poisoning in insects (bees). Tlic information given liere supplements 
that description. 

When flies (Phonnla) were totally paralyzed, the following s-yjii])- 
toms were observed: About a second after the injection, whik‘ a fly 
was still in the glass holder, the abdomen, legs, and wings ceased 
moving vigorously, but quivered. The legs were usually folded 
tog(‘ther and the wings were bent toward the body. When a, fly was 
quickly transferred to its vial, it often buzzed around on its back 
and kicked its legs, but tlie vigorous movements soon ceased, and then 
the wings were usually draA\n to the body and the legs were folded 
together. The proboscis was always extended for a short time, then 
usually retracted, but' it ^\a.s common for a fly to di('- with its proboscis 
extfuided. A dro])let of li(|uid often ap]>ea.red on the proboscis and 
at the anus. 

The following records jxTtain to injected larvae of various sj)ecies: 
Al)out 5 seconds after the tent caterpillars had been injected, con¬ 
vulsions occurred m^ar the wounds and lasted half a minute. Later 
the larvae were completely paralyzed. When distilled water was 
used as a control, there were no convulsions and no signs of paralysis. 
Many of the injected silkworms s])ewed at the mouth and voided 
fec(‘s and liquid at the anus. Only slight movements were seen in the 
injected segments, but the integument often turned brownish or even 
darker. Movements of th<‘, same kind were also seen in the injected 
segments of southern armyworms. Codling jnoth larvae did not 
exhibit convulsions but only wriggled feebly. Phonnia larvae showed 
only weak muscular movements near the needle, which was inserted 
at some distance from the visible heart. The nicotine did not seem 
to affect the h(»artf)eat. 

EFFECT OF POINT OF INJECTION ON TOXICITY 

Ilockenyos and Lilly (1) found that the toxicity of nicotine increased 
as tlie ])oint of injection ap])roached the head, where the largest ganglia 
o(‘cur. To ascertain wliether the same is true in regard to tlie abdomi¬ 
nal ganglia, three groups of 10 Pharmla females, days old, were 
injected between the second and third abdominal segments M'ith 0.25- 
percent nicotine solution, the dose being 1.24 mm*^. Flies of the first 
grouj) \vere injected on the ventral miclline, those of the second on 
the dorsal midline, and those of the third, as usual, on the left side 
midway betw^een these two lines. In the first group the needle went 
into or near the abdominal ganglion, in the second group it went 
into or n(»ar the luairt, but in the third group it did not directly injure 
either of these vital organs. These tests wTre repeated with W 
Phonnia males 9 days old. From the data in table 7 it is clear that 
the nearer the needle approached the ventral ganglion the more 
effective was the nicotine. 

The foregoing tests wtto repeated by injecting 10 Phormia females 
in the rnesothorax on the ventral midline. The reaction times w^ore 
slightly less than those given in table 7 for females injected in the 
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abdomen on the ventral midline. Distilled water, used as a control, 
caused no signs of paralysis. 

Other flies, which had been injected on the left side the previous 
day, were injected a second time in the w'ounds, which were well 
healed. This time the reaction times were slightly increased. 


Table 7. Effect of point of injection on toxicity of nicotine to Phormia ftieny as 
determined by the paralysis method 


I^oint of injection 


Dorsal tmdline_ 

liOftside. 

Ventral midline_ 


First-reaction time 

Revival time 

Females 

1 

Males 

Average 

Females 

1 

Males 

Average 

Minutes 
52 8 
79.2 
110.4 

Mmutes 
20 0 
23.5 
31 0 

Mtnnifs 
J4 7 
24.7 
32 6 

17 3 
24 1 
31 « 

1 

Mtn at a 
04 8 
87 7 
114 2 

Mmutes 
40.8 
70 8 
118 7 


SUMMARY 

To inject minimum (juantitative doses of nicotine into insects, a 
micrometer syringe and other devices to accompany it were used for 
the first time for administering insecticides. This apparatus was 
extremely accurate. Witli a minimum dose of 1.24 mm’ the error 
never exceeded 4 percent and w^as usually less. 

The comparative susceptibility to nicotine of various species and 
the sexes has been found to be of the following descending order: 
Lucilia male, Lwilia female, codling moth larva, Calliphora male ajid 
female, silkworm, Jirmyworm, and Phormixi larwa. The Lucilia 
male flies were nine times as susceptible as the Phormia larvnuv In 
general, the snsce^ptibility of the lar\nd forms was about half that of 
the imaginal forms. 

The age of tlic injected flies gieatly aft’ected their susceptibility to 
nicotine. From the fihst to tl)C fourth or fifth day susceptibility 
rajiidly decreased; thereafter it less rapidly increased. Flies 14 days 
old were eight times as susceptible as flies 5 days old. The Phormia 
male flies were always more susceptible than the. Phormia. females of 
the same ago. 

It was shown statistically that solutions of free nicotine were from 
22 to 26 percent more toxic than solutions of nicotine sulphate con¬ 
taining the same percentage of nicotine. However, when the nicotine 
in the nicotine sulphate solution was freed by the use of potassium 
hydroxide, its toxicity was equal to that of the other free nicotine. 

In a study of motor paralysis old Phormia flies were more easily 
paralyzed than young flies and the paralysis lasted longer. For flies 
differing little in ago the reaction times to increasing doses of nicotine 
can bo represented by ascending straight lines. Males of Calliphora 
were more susceptible than females. 

The first symptom of nicotine poisoning was stimulation, and this 
was followed by depression. 

The toxicity increased as the point of injection approached the 
ventral ganglion. 
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RESISTANCE OF SHEEP OF DIFFERENT BREEDS TO 
INFESTATION BY OSTERTAGTA CIRCUMCINCTA* 


By M. A. Stewart, assistant entomologist^ R. F. Miller, associate animal hus¬ 
bandman^ and J. R. Douglas, research assistant in entomology^ California 
Agricultural Experiment Station ^ 

INTRODUCTION 

On August 29, 1935, 29 lambs, representing 5 breeds and 1 group of 
cross-breds, were separated from the general flock of sheep on the 
university farm at Davis, Calif., and used in an attempt to determine 
whether or not breed resistance to Of^tertagia circurncincta (Stad.) 
existed in the breeds at hand. The breeds and birth dates of these 
animals arc given in table 1. 


T\ble 1. -Breeds^ brand numbers^ and birth dates of lambs used to determine breed 
resistance to Oslertagia cireumcincta 



Brarn! 

No. 

Dale of birth 

S 

Breed 

Brnn<l 

No. 

Date of birth 


I 

Dec. J.1934 ! 


20 

.Tan. 31,1935 

j 

5 

Dec. 10,19.34 1 


19 

Feb 10.1935 

Kambouillet ... -j 

3 

Dec. 22,19.34 

.Southdown. 

17 

.Mar. 7,1935 

1 

2 

Dec. 24,1934 

IK 

.\Tar. 12.1935 

1 

4 

Dec. 28.1934 


21 

Mar 16,1935 


2 fi 

Jan 8,1935 


K 

Feb. 7,1935 

1 

22 

Feb. 21,1935 


9 

Fob 22,1935 

liniiii)sliirc 1 

25 1 

Mar. «. 19.35 

Romney.. 

0 

Fell 24,1935 

1 

24 

Mar. 9.1935 


10 

Mar. 2,1935 

1 

23 1 

Mar. 19.1935 


7 

Mar. 1.5,19;46 

1 

12 

Dec. .30. 1934 

(''rosS'bred. 

27 

Mar. 19,193.5 


10 

Feb 13, 1935 

.Shropsbire-Menno.- 

28 

Mar. 20.1935 

Shropsiuu* . ' 

1 

11 

13 

15 

Mar 1,19.35 
Mar 2,1935 
Mar. 15, 19.35 

Koinnej-Shropshire . 

29 

Mar. 15,1935 


U 

Mar. 17,19.35 ! 

i 1 




Up to the beginning of the experiment those lambs were raised in 
the manner customary at I he university farm. At the age of 2 weeks 
all were docked and the males were castrated. They were then 
])astured on native grass until about May 1, 1935, at which time they 
were turned into a field of Ladino clover. This field was divided 
into two pastures and was irrigated every 10 or 12 days. During 
irrigation the sheep were moved from one pasture to the other. 
Throughout the entire period the animals were brought to the bam 
every morning and fed hay and grain. They did not thrive well, 
however, and there was considerable scouring, which was first noticed 
i\ bout Juno 1. 

All the lambs were weaned by Juno 15 and they were continued on 
Ladino clover with a grain ration once a day. On July 5 a diagnosis 
of coccidiosis was made in several lambs and the entire flock was 
treated daily for 5 days with bismuth and tannic acid in mineral oil 

» Received for publication May 24,1937; issued February, 1938. 

* The authors desire to express their deep appreciation to Dr. Paul W. Gregory for advice and assistance 
In connection with the statistical anaiy.ses, to Dr. F. B, Hoessler for checking the mathematical procedure, 
and to Dr. George H. Hart for criticisms and suggestions. 
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and fed exclusively upon dry hay. Some improvement was noted, 
but on July 18 a sick lamb was autopsied and a considerable infesta¬ 
tion of Ostertagia circumcincta was discovered. The entire flock was 
treated on July 22, and again on August 5, with 2 ounces of a 1-percent 
solution of copper sulphate. The animals were fed hay and some 
grain and allowed to graze to a limited extent on Ladino clover from 
July 22 to August 29, when the experimental work began, and they 
manifested a gradually improved condition. 

On August 29 all of the selected lambs with the exception of the 
Hampshires, were returned to Ladino clover pastures and kept there 
exclusively througliout the experiment. The Hampshire lambs were 
placed on this pasture September 6. Irrigation every 10 or 12 days 
was discontinued during the winter season when the pastures remained 
naturally moist. By September 20 the lambs appeared to be more 
thrifty and in better condition than for several months. 

METHOD OF PROCEDURE 

A fecal sample was obtained from each animal, and each lamb was 
weighed regularly every 2 weeks. 

Fecal samples were collected by manual manipulation and the hands 
were thoroughly washed after each sampling to prevent contamination 
of succeeding samples. Each sample was wrapped in a piece of 
glazed onionskin paper bearing a number corresponding to the eartag. 
The samples were then taken to the laboratory and egg counts were 
made within 24 hours after the samples were collected. 

The technique employed in examining the feces for eggs was a 
slight modification of Caldwell’s method and was as follows: 

(1) 1 g of feces was weighed out and placed in the bottom of a 30-ml shell vial 
calibrated at 10 ml. 

(2) 2 ml of 30-pcrceiit antiformin was added to the feces in the shell vial and 
mixed thoroughly by means of a dean glass rod. The glass rod w^as left in the vial 
and the sample w^as allowed to stand at room temperature for at least 1 hour. 

(3) Sugar solution with a specific gravity of 1.23 was added to the 10-ml mark 
on the vial. 

(4) The glass rod was removed after stirring and the specimen was “bubbled*' 
by means of blowing through a pipette placed against the bottom of the vial, 

(5) 0.1 ml of the prepared specimen was taken from the vial with a pipette and 
spread on a slide so as to form a thin rectangular film. 

(6) The eggs were counted with the aid of a mechanical stage under the 32-mm 
objective of the microscope. The number of eggs found in each smear w^as mul¬ 
tiplied by 100 to express the number of eggs per gram of feces. 

This slight modification of Caldwell’s method was made to enable 
the writers to deal with smaller quantities of focal material. Two 
slides of each specimen were prepared and counted for ova and the 
results WOTO averaged to reduce error. The physical consistency of 
each specimen at the time of weighing in the laboratory was taken into 
consideration. A relationship of 1:2:4 is considered to exist between 
the formed, mushy (unformed), and diarrheic feces. 

EXPERIMENTAL DATA 

Figure 1 shows the average infestation, based upon the number of 
eggs per gram of feces, of each of the six groups of lambs and the aver¬ 
age,for the composite band from September 6, 1935, to September 4, 
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1936. Since the entire band was kept under identical conditions and 
handled in exactly the same way throughout the investigation, the 
eg^ count niay be considered as a measure of resistance or suscepti¬ 
bility, and it is commonly accepted as such regardless of the true nature 
of the resistance. Assuming, then, that the egg count indicates the 
degree of infestation in each group, figure 1 shows an ascending order 
of susceptibility as follows: Romney, cross-breds, Southdown, Ram- 
bouillet, Shropshire, and Hampshire. Details of this variation in 
resistance or susceptibility, following exactly the egg counts made at 
intervals of 2 weeks, are shown in figure 2. The arrangement of the 
curves for the various breeds is such that in any given section of the 
abscissa the egg count shown for each breed was not only obtained 
from animals maintained under identical climatic and foocrconditions 

EGGS PER GRAM 


Oi O cn O g, 

O o O o O O 


_^_' ' 1 


i 


^ komn^if 


\ _ 


i. . 




:_ 1 


Fkjuhe I -- \verage infestation of Ostertagia circumcincta in the breeds of sheep investigated, and the aver¬ 
age infestation for the entire baud. 


but from animals of practically the same age. Thus there is elimi¬ 
nated any possible confusion consc<juent upon making a comparison 
l)asod upon age immunity or acquired immunity rather than upon 
natural resistance irrespective of age or degree of exposure to infection. 
It will be observed that figure 2 is in agreement with figure 1 with 
such minor exceptions as might be expected from a comparison of 
detailed data with averaged data. The peak attained by the Hamp- 
shires at 410 days was due very largely to an unusually heavy infesta¬ 
tion in a single animal. 

In order to determine whether or not such differences in resistance 
were significant, especially in view of the fact that a small number of 
each breed was under investigation, the data were analyzed by means 
of Fisher’s pairing method.® The results are shown in table 2. 

3 Fisher, R. A. statisticai methoos for research woreers. Ed. 4, 307 pp , illus. Edinburith and 
London. 1932, Soe pp. 111-114. 
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Table 2. —Results of analyzing the data regarding infestation by means of Fisher^s 
pairing method in order to make comparisons between breeds 


Breeds compared 

1 

Sheep and mean egg count per gram of feces 

t value 1 

liambouillet with Southdown.. . . 

Rambouillet 115, Southdown, 109. 

Hampshire 242, Rambouillet, 115. 

2 0109 

Rambouillet with Hani])shire.. . . 

2.8891 

Kambouillet with cross-bred.. 

Rambouillet 115, crowSS-bred, B8- 

1.3014 

Rambouillet with Romney — .. 

Rambouillet JJ5, Romney, 20_ 

3.6854 

Rambouillet with Shropshire.- — 

Shropshire 215, Rambouillet, 116. 

2.1824 

Romney with Shropshire- -.. - 

Shropshire 215, Romney 20.— 

4 3232 

Romney with Southdown... . - 

Southdown 109, Romney 20_ 

2.8008 

Romney with Hampshire.. 

Hampshire 242, Romney 20. 

3 5277 

Romney with cross-bred. 

i Cross-bred 88, Rom lie V 20.. 

2 9070 

Shropshire with Southdown _ 

Shropshire 215, Southdown 109_ 

2.1200 

Shropshire with Hampshire_ _ 

Hampshire 242, Shropshire 215. — 

. 3783 

Shropshire with cross-bred . 

Southdown with Hampshire_ _ _ 

Southdown with cross-bred. 

Shropshire 215, cross-bred 88...... 

2.0708 

Hampshire 242, vSouthdowu 108. .. 

2.0577 

Southdown 109,'cross-bred 88. 

.7171 

Hampshire with cross-bred.. . - 

Hampshire 242, cross-bred 88. 

3 0372 


1 The t value ne(*essar> to indicate sifrnifteance is 2.479, high siKniflcunce, 2 779 



170 200 230 260 290 320 350 380 410 440 470 500 530 560 590 620 

AGE (DAYS) 


Figures 2.- K\a<*l hi weekly Oslvrlagtn vircunuhuta egg counts o\ei a 12-Tiiouth period in (lilYereiit breeds (^f 

sheep. 

It should be mentioned here that the calculations shown in table 2 
are based upon the pairing of data obtained at each time of fecal 
sampling rather than upon mean egg counts for the entire period of 
investigation. It should also be pointed out that the i values, whicli 
are measurements of the significances of differences, where South- 
downs and cross-breds are concerned are not based upon as many 
records as are the t values for other breeds, since out of five initial 
Southdowns, two died (one on March 11, 1930, and one on June 12, 
1936), and out of only three initial cross-breds, one died on October 
21, 1935. The cross-breds, however, may well be ignored since they 
do not represent a typical breed and are not considered further in this 
paper. 

Extending the statistical analyses to include a study of possible 
significant (iifferences in resistance between individual members of o 
single breed as well as dift'erences between breeds, the results shown 
in table 3 were obtained. 
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Table ^.^ResuUs of analyzing the data regarding infestation by means of Fisher's 
pairing method in order to make compaiisons between individuals 


lutlividual sheep 
compared 


Haiubouillot 2 with 1 
iiamhouillet 3 with 1. 
Kariiboiiillet 4 with I 
Hatnbouillet 5 with 1 
Hambouillet 3 with 2. 
Hambuuillet 2 with 4. 
Uanibouillel 15 wath 2 
lianibouillct3 with4 . 
iiamhouillet 3 with 3 
Kamhoiiillcl r) with 4 
Komney 8 with 7... . 
Koiuney 9 with 7.- . 

Koiuney 7 w’lth 10.. . 

Hoiiiney 8 with 9. 

iioiniiey 8 with 10. . 
Houmoy 9 w ith 10 
Shrojishirc 11 with 12 
Shropshire 11 w'lth 13. 
Shropshire 11 with 14 
Shroiishire 11 wdlh 15. 
Shropshire 11 wdth ItJ, 
Shropshiio 13 with 12. 
Shropshire 14 with 12 
Shropshire 15 with 12. 
Shropwshire 12 with 10 
Sluophliire 14 with 13. 



t value 

t value 



lvalue 
neces¬ 
sary to 
be sig¬ 
nificant 

t value 

t value 

netjcs- 
sary to 
be sig¬ 
nificant 

necessary 
to be higli- 
ly sig¬ 
nificant 

Individual sheep 
compared 

t value 

necessary 
to be high¬ 
ly sig¬ 
nificant 

2 125 

2 508 

2 819 

Shropshire 1.1 with 15 . 

. 3.59 

2.518 

2 8:31 

4.119 

2 485 

2 787 

Shropshire 13 w ith 10 . 

2.018 

2.508 

2 819 

1 795 

2 492 

2 797 

Shroiishire 14 with 15.. 

1 458 

2.683 

2 921 

2 075 

2 485 

2 787 

Shropshire 14 with 10.. 

2.518 

2.5ti7 

2 898 

1 851 

2 500 

2 807 

Shropshire 15 with 10.. 

3 312 

2.639 

2 801 

2.593 

2 .508 

2 819 

Southdown 17 wMth 18.. 

.371 

2.681 

3 055 

059 

2 500 

2 807 

Southdown 17 with 19__ 

3.104 

2.528 

2 845 

4 091 

2 485 

2 787 

Southdown 17 with 20,. 

1 741 

2 624 

2 977 

3. 011 

2 479 

2 779 

Southdow’ii 17 with 21.- 

2. 759 

2 539 

2 861 

1 030 

2 485 

2.787 

Southdow n 18 w’lth 19.. 

1 403 

2.681 1 

3 055 

057 

2 479 

2 779 

Southdown 18 with 20, 

.847 

2.718 

3 iOO 

. 148 

2 479 

2.779 

Southdown 18 with 21 

1 331 

2.718 

3.106 

1 300 

2 500 i 

2 807 

Southdown 20 WMth 19.. 

3 181 

2. .583 

2.921 

1 420 

2 .508 

2.819 

Southdowm 21 with 19.. 

989 

2 508 

2 819 

2 088 

2 528 

2.846 

Southdown 20 w ith 21.. 

2. 77s 

2 624 

2.977 

2 017 

2 5(K) 

2 807 

Hampshire 22 w ith 23. _ 

1 428 

2 .583 

2.921 

1 993 

2 528 

2 845 

Uamiishire 24 with 22., 

1.264 

2 rm 

2.807 

1 770 

2 508 

2 819 

Hampshire 25 w ith 22.. 

2 454 

2. .500 

2.807 

1.218 

2 .507 

2 898 

Hampshire 22 with 20,. 

1 :135 

2 508 

2.819 

1 059 

2. .552 

2 878 

Hampshire 24 witli 23.. 

2 876 

2 5,52 

2 878 

2 157 

: 2 528 

2 845 

Hampshire 26 with 23 

4 103 

2 552 

2 878 

1 808 

2 .508 

2 819 

Hampshire 20 w ith 23 , 

.979 

2 567 

2.898 

2 405 

! 2 539 

2 801 

Hampshire 24 with 25,. 

.048 

2 485 

2 787 

2 592 

! 2 552 

2 878 

Hampsliirc 24 with 20 . 

1 580 

2 485 

2 787 

,702 

2 528 

2 845 

Hampshiie 25 w ith 2(>-. 

4 263 

2 492 

2 797 

990 

2 518 

2 831 






_- J. 

_ _ 

_ 

_ 

_ 


Ill the Raiiibouillcts three pairings showed liighly significant, one 
jiairing significant, and the remaining six pairings showed insignificant 
differences in susceptibility to Ostertagia circumcmcia. The animal 
which showed a significant difference also showed a highty significant 
difierence u])(m pairing with another animal. In the Komneys all 
])jurmgs, six in number, showed no significant differences in suscep¬ 
tibility. In the vShropshires 2 pairings of a total of 15 showed sig- 
nilicant differences in susceptibility^—1 significant, the other highly 
significant. In the Southdo\ms a total of 10 pairings was made of 
which 2 were significant and 2 were highly significant; 1 animal 
bt'ing significantly resistant in 2 pairings and another beings highly 
significantly resistant in 2. In the Hampshires one pairing w'as 
significant, two wttc highly significant, and the remaining seven 
were not significant. The animal showing a significant difference 
w^as also, in anotlier ])airing, one of those showing liighly significant 
differences. 

Having thus established not only a significant difference in sus- 
ceptibilitv to Ostertagia circimcincta among different breeds but also 
among different individuals of the more susceptible breeds, the 
writers compared the more resistant individuals of each of the more 
susceptible breeds, again emplojing Fisher’s pairing method, with 
the mean of the Romney breed. The results obtained are shown in 
table 4. 
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Tahlb 4.— ResuUft of analyzing the data regarding infcstatiofi by rneans of Fisher*s 
pairing method in order to make comparisons between the more resistant individuals 
of each of the more susceptible breeds with the mean of the Romney breed 


Breed and sheep 
no. comjmred with 
Romney 


Rambouillet l... 
Hamboiiinet4._„ 
RambouiJlel 
Shropshire 12. . 
Shrojishire IG - 



t value 

t value 



t value 

t value 

neces¬ 
sary 
to be 
siKuif- 

necessary 
to be 
highly 
signifi- 

Breed and sheep 
no. compared with 
Romney 

t value 

neces¬ 
sary 
to be 
signlf- 


leant 

cant 



leant 

0 905 

2.485 

2 787 

Southdown 19 . 

1 510 

2.492 

1 792 

2 48.5 

2 787 

Southdown 21. 

.263 

2, fi(K) 

2 758 

2 479 

2 779 

Hampshire 23. 

.919 

2. 652 

2. lO-l 

2. 508 

2.819 

Uampsliire 26-. 

2.464 

2.485 

1 168 

2 .500 

2 807 




_ 

_ 


__— 

-- 

— - 


i value 
necessary 
to be 
highly 
signifl- 
(junt 


2.797 
2 807 
2. S78 
2. 787 


Of tho three Kamboiiillets showing a significant degree of resistance 
only one showed a significant difference, which was nearly highly 
significant, from the Romney mean, indicating that two of the three 
animals possess a degree of resistance of approximately the same 
magnitude as that obtaining in the Romneys, the most resistant of 
the breeds studied. Of the two more resistant vShropsliires both 
showed insignificant t values when paired with the Romneys. Of 
the two more resistant Southdowns both showed no significant differ¬ 
ence when compared with the Romney mean. Of the two Hamp- 
sliires showing significant and highly significant t values neither showed 
differences from the Romney mean which were significant. 

CONCLUSIONS 

From figure 1 it appears that the breeds of slieep used in this in¬ 
vestigation vary in susceptibility to infection with Ostertagia circum- 
emeta in the following ascending order: Romney, cross-bred, 
Southdown, Rambouillet, Shropshire, and Hampsliire. The Romneys 
showed very many fewer eggs per gram of feces throughout a period 
of 12 months than the average for all the breeds, and an even greater 
difference is apparent when comparisons arc made wdtli the Shropshircs 
and Hampshires. The cross-breds, Southdowns, and Rambouillets 
approximate one another in egg count, occupying a position about 
midway between the Romneys and the Shropshires and Hampshires, 
which approximate one another. The picture presented by this 
chart of average infestations is substantiated on the whole by figmo 
2, allowing for certain discrepancies which are to be expected when 
averages of data are compared with detailed data. vStatistical analysis 
of detailed data, as presented in table 2, sho>vs, however, that figure 
1 does not give an entirely true picture. This an‘yiysis shows the 
Romneys to be highly significantly more resists.nt than any of the 
other breeds; the cross-breds, which may be ignored because they do 
not represent a true type, are significaiitly more resistant than the 
Shropshires and highly significantly more so than the Hampsbires, 
but not significantly more resistant than any of the other breeds; 
the Rambouillets are highly significantly more resistant than the 
Hampshires but not significantly more resistant than any other breed; 
the Southdowns, Shropsliires, and Hampshires show no significant 
differences in resistance or susceptibility from one another and are 
not significantly more resistant than any other breed. Tlxis informa- 
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tion forces the writers to conclude that the correct order of ascending 
susceptibility is as follows: Romney, cross-bred, Rambouillet, South- 
down, Shropshire, and Hampshire, the last three breeds possessing a 
susceptibility of approximately the same magnitude. Figure 2 and 
unpublished results of investigations of seasonal incidence of Oster¬ 
tagia circurncineia infestations in these and other animals on irrigated 
pastures indicate that age immunity or acquired immunity do not 
confuse this picture of breed resistance. One might reasonably 
expect Romneys to be more resistant to internal parasites favored by 
moist conditions than most if not all other breeds of sheep since they 
were developed in the Kent marshes in England and were held under 
relatively concentrated conditions. Natural selection and selective 
breeding, even though not scientifically conducted, would strongly 
tend to make such resistance characteristic of the breed. 

Further statistical analyses demonstrated that certain individual 
animals of the susceptible, as well as the intermediate, breeds possess a 
resistance to Ostertagia circvmcirieta of approximately the same mag¬ 
nitude as the mean of that of the Romneys. It would appear, there¬ 
fore, that the factor, or factors, which determine resistance have 
become fixed in the Romneys and that this same factor, or factors, 
is also in the other breeds although not fixed as in the resistant breed. 
(\)nse({uently it may be assumed that if a sheep breeder is desirous of 
securing a breed resistant to this stomach worm he may do so by 
(‘areful selection within any of the above-mentioned breeds, and 
])robably within those not investigated as well, without the necessity 
of attempting to cross-breed with, all of its attendant difficulties and 
with the possible sacrifice of other and desirable characteristics typical 
of certain of these breeds, A similar thing has been done by Ackert 
and his associates * at Kansas State College, where breed resistance 
in f(jwls to Ascaridia has been demonstrated and a strain of White 
L(‘ghorns resistant to this parasite has been developed by the selection 
of the most resistant cockerels and pallets in the flock and carried 
through three generations by subsequent father-daughter and brother- 
sister matings. 

The findings given herein demonstrate to be true Stoll’s idea 
that there probalily exist strains and breeds of sheep which are re¬ 
sistant to helminths. 


SUMMARY 

A group of 29 lambs, representing 5 breeds, and 3 cross-bred 
individuals, was isolated and kept for 12 months on an irrigated pas¬ 
ture, where they were continuously exposed to infection from Ostertagia 
circamvincta. Egg counts, by a modification of Caldwell’s method, 
were made regulaily every 2 weeks throughout the period. Such 
counts were used as an indicator to detenniue relative resistance or 
susceptibility. The data thus obtained were statistically analyzed 
by Fisher’s pairing method. 

From these analyses it was shown that the different breeds vary in 
susceptibility to the parasite in the following ascending order: Romney, 
Rambouillet, Southdown, Shropshire, and Hampshire, the last three 

< Ackkrt, J. E. parasites op poultrv. Jour Ainer. Vet. MeJ. Assoc, (d. .s. 43) 9C 361-352. 1937. 

» Stoll, N. li. certain net effects in helminthic parasitism, with special reference to the sheep 
HOST. Cornell Vet. 26: 171-179. 1936. 



930 


Journal of Agricultural Research 


Vol. 55, no. 12 


breeds possessing a susceptibility of approximately the same magni¬ 
tude. The Romneys are outstandingly resistant. 

Further statistical analysis showed that in each of the more sus¬ 
ceptible breeds there are significant differences in susceptibility, but 
in the Romneys there are no significant differences between individuals. 
Still further analysis demonstrated that the great majority of the more 
resistant individuals of the more susceptible breeds possess a resistance 
of approximately the same magnitude as the mean of that of the 
Romney. Since tliis is tine it is theoretically possible for a breeder 
to develop a resistant strain within any of the more susceptible breeds 
investigated without running the risk of sacrificing a (diaracteristic. 
of some ])articular breed which he wants to maintain. 



GROWTH SUBSTANCES IN RELATION TO THE MECHA¬ 
NISM OF THE ACTION OF RADIATION ON PLANTS * 


By H. W. Popp, professor of botanyt and H. R. C. McIlvaine, research assistant^ 
Pennsylvania Agricultural Expertmeni Station 

INTRODUCTION 

That radiation exerts a strong formative influence on jdants has 
long been recognized. The blue-violet end of the spectrum is par¬ 
ticularly eflective in this respect, as has been shown by the work of 
Schanz'(7),- Popp U)> Shirley (8)^ and others (/)), With most plants, 
this part of the spectrum causes decireased stature as compared with 
the red end. In all the work with ultraviolet radiation c.arried out 
by the senior author since 1921 and in many of the researches of 
other investigators, no effect of such radiation, except perhaps the 
destructive action of the extremely short wave lengths, has been more 
consistently found than the decreased stature of plants (6*). An ex¬ 
posure of as little as 2 minutes per day, to the unscreened radiation 
from a quartz mercury-vapor lamp at a distance of 50 cm exerts a 
marked stunting effect on seedlings otherwise kept in diffused daylight 
or in darkness. 

No satisfactory explanation of the mechanism of this action of 
radiation has as yet been advanced. Previous attempts in the writers’ 
laboratories to explain it on the basis of changes in such chemical 
substances as occur in sufficient quantities to be analyzed chemically 
luive so far proved unsuccessful, although investigations in this field 
have hardly attained a good start as >jeL Hare and Kersten (3), as 
a result of their discovery that ultraviolet radiation destroys indole- 
3-n-propionic acid, have recently suggested that '‘a possible action of 
ultraviolet light upon the tryptophan within the plant may in some 
part explain the effect of ultraviolet light upon plants.’’ Tliis infer- 
nice warrants further inquiry, since it has been shown that ultra¬ 
violet radiation dcsti’oys tryptophan in vitro, and that disagreeable 
odors such as might result from the breaking down of tryptophan 
and other indole derivatives have sometimes been ob.served when 
seedlings were exposed to distinctly injurious doses of ultraviolet. 
The recent interest in plant-growth substances or hormones, the 
rapidly accumulating experimental data on their characteristics and 
effects, and particularly the technique developed (i, 3, 10) for their 
(piantitative deterinination, have furnished another means of approach 
to this problem. 

The present investigation was imdertaken for the purpose of deter¬ 
mining whether the effects on the })lant of short-wave radiation could 
be explained on the basis of the effect of such radiation on plant- 
growth substances. The work was begun in January 1930, as a part 
of a more extended investigation of the effects of radiation on plants 
which has been under way for several years. After about 3,000 tests 

» Received for publieatiou July 30, 1937, issued February 1938. Contribution No 101, Pepartment 
of Botany, The Pennsylvania St»\te Collet. Pai)er No. 78t» in the Journal Series of the Pennsj Ivania Agri¬ 
cultural Experiment Station. This work was supported by the mduition committee of the Division of 
Biology and Agriculture, National Research (Xmncil. 

* Reference i.s made hy number (Italic) to literature Cited, p 930. 
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had been completed, a paper appeared by Burkholder and Johnson 
{^) reporting a somewhat similar investigation. 

In general, these men found that intact seedlings or excised tips of 
seedlings of Ai^ena and Zea exposed to the radiation from a quartz 
mercury-vapor lamp transmitted through 5 cm of distilled water in a 
glass cell or through a Corning No. 986 red-purple Corex A filter of 
7 mm thickness, contained less growth substance, as determined by 
a modified Went method, than did controls kept in darkness, the 
reduction in growth substance being greater with increased exposure. 
That the eftect of the radiation was not brought about by a downward 
diflusion of the growth substance awa^’^ frojn the direction of the 
radiation was indicated by the fact that lower sections of treated 
seedlings showed no commensurate increase in growth substance. 
Further evidence that the effect of the radiation was a. direct one was 
the fact that irradiated blocks of agar into wdiich grow^th substance 
had previously been allowed to dilfuse fi-om excused coleoptile tips 
caused less curvature in decapitated Arena test plants than did 
control blocks not irradiated. 

Ultraviolet radiation alone, as trar)smitted through Corning No. 
986 red-purple Corex A glass, caused a marked reduction in growth 
substance as compared with the amount in controls. The test plants 
were exposed to radiation through this glass for 60 and 120 minutes 
at an intensity of 1,888 ergs/cm'-^/sec., an exposure pi'obably great 
enough to cause injury to the seedlings, since this glass transmits 
ultraviolet radiation ^own to 250 m/x. Burkholder and Johnson 
do not indicate whether injury occurred, btit the writers have never 
beeji able to irradiate plants through this glass under the conditions 
stated, without injuring the exposed Jissues. On the other hand, 
tests with the blue merciiry line, 4,858A, at an intensity of 278 ergs/ 
cm‘Vsec., indicated to Burkholder and Johnson “only small and per¬ 
haps insignificant differences in gn)wd.h substance as compared with 
the darkened controls.” It is likely that in these tests the intensity 
of the radiation was too low' and the exposure time not great enough, 
for, if the stunting effect of such radiation as compared with darkness 
is to be attributed to reduction in growth substances, w^e should 
expect a significant diflereric.e between irradiated plants and controls. 
In these tests, 8 seedlings were illuminated for 55 minutes, 10 for 
180 minutes, and 10 for 300 minutes. The average curvatures 
produced by these seedlings were 11.0°, 9.5°, and 8.7°, respectively, 
as against 10.9° for the controls in darkness. While there w'as 
probably too small a number of seedlings used under any condition 
to warrant reliable inferences, these results do at least indicate a 
consistent decrease in growth substance with length of exposure. 

When excised tips of coleoptiles w^re subjected to unilateral 
illumination, the illuminated side contained less grow’th sul)stance 
than the shaded side, but, strangely enough, when intact coleoptiles 
were thus treated, although they bent toward the light, the illuminated 
side contained more growth substance than the darkened side. No 
explanation is offered for these contradictory results. 

While the Burkholder and Johnson paper was probably only intended 
as a preliminary one, since few tests were made under any one set 
of conditions, the results do indicate that the efl*ect of radiation of 
short wavelengths is to inactivate growth substance. If this is to 
be used in ex^anation of the mechanism of the action of radiation 
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upon plant growth, it is necessary that the conditions of radiation 
that produce definite formative effects be the ones that are used in 
the studies of growth substances. With ultraviolet radiation, for 
example, the intensity, spectral range, and duration of exposure 
should be such as to cause the ordinary stunting of growth without 
seriously injuring the seedlings. In the present investigation an 
attempt was made to satisfy these conditions. 

EXPERIMENTAL PROCEDURE 

The test plants used in this investigation were turnips {Brassica 
rapa L.), variety Purple Top \Miite Globe. Individually selected 
seeds were germinated on cotton and filter paper in sterilized Petri 
dishes, 50 seeds to a culture, and kept in darkness at 25^ C. except 
during the radiation treatments. The seeds were evenly spaced in 
the germinators. 

The source of radiation was a mercury-vapor lamp in quartz 
operated on a 110-volt alternating current circuit with rectifier. 
The intensity of radiation from this lamp at a distance of 50 cm, 
without any screen, was 21.05 w^atts Three types of 

(k)rning glass filters were used: Noviol 0, transmitting down to 
1189 m/i; 0580A, transmitting the region 800-436 rn^u; an<l red-purple 
('^orex A, transmitting the region 250-415 ni/i. Tlie total energy 
transmission of these filters was measured by means of an Eppley 
])yrheliometer of the Kimball and Hobbs type and the distances 
from the ]ilants to the mercury-vapor lamp were so adjusted as to 
equalize the intensities. In some cases, howu^ver, the plants W’^ere 
exposed at shorter distances. The lengths of exposures through 
screens transmitting ultraviolet radiation or to the unscreened arc 
were such as to minimize injury but to produce stunting effects on 
tlu' st'cdlings. These periods of time were determined by the results 
of several years’ work with such radiation. Seedlings irradiated 
through N<»viol 0, which eliminates all ultraviolet, were given longer 
expowsures. 

The plants were usually exposed for the first time about 24 hours 
after being phu^ed in the germinators, and daily or twuce a day there¬ 
after, usually for 31^2 7 days. During in'adiation a strong current 

of air was kept moving oA'er the plants to minimize heating effects, 
although these were negligible because of the short periods of (exposure. 
Immediately after iiradiation the plants were returned to the dark 
(‘luimber. Controls consisted of plants kept under all the conditions 
to which the test plants were exposed except the irradiation. 

T(‘sts for grow th substances w^ere made by a slight modification of 
the Went Avena method (.9). The test plants used for this purpose 
w^ere a pure-line selection of oats (Avena sativa L.) made by Dr. C. 
F. Noll of this station and chosen because of their purity and uni¬ 
formity. In the first series (table 1) the tips (I mm) of the turnip 
seecllings to be tested for growth substance were transferred to blocks 
of 3 percent agar, 2 by 2 by 1 mm, and the growth substance allowed 
to diffuse into them while tliey were kept for 2 hours in a moist <‘ham- 
ber. These blocks w^ere then cut in half, one half of each block used 
for the tests and the other half discarded. The halves used were 
transferred unilaterally to Avena coleoptiles that had been decapitated 

s Loaned by the Eppley Laboratory, Inc. 
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2 hours previously and allowed to remain in a moist chamber. About 
0.5 mm of the coleoptile tip was again removed before this transfer. 
Arena colooptiles about 30 mm in length were chosen from seedlings 
grown in darkness for about 5 days. During all manipulations the 
Arena seedlings wore fastened with special holders and glass tubes. 
After the transfer of the agar blocks to the decapitated coleoptilcs, 
the latter were returned to the dark chamber for 2 hours, at the end 
of which time the angle of curvature of the coleoptiles was measure<l 
directly in a shadow box. All manipulations were carried out in 
photographically inactive light. In the later tests (table 2) the tips 
of the turnip seedlings were transferred directly to the decapitated 
coleoptiles and the angle of curvature measured. For comparison 
some of the Arena coleoptile tips were also transfewed to agar and 
tested for growth substance. Jjikewise, the agar itself was tested. 
All results were treated statistically and probable errors determined. 


T\ble 1 . Mean curvatures obtained with agar blocks into which growth substance 
had diffused from tips of turnip seedhngs 

[SiMulInigs irrudiatofl ovpr a period of 7 days and Rivon a total of 7 exposure's, 2t hours apart] 


Scro('n 


Unscrceiiod arc . 

No viol 0. 

Control (total darkness) 


Daily 

T(‘sts 

i 

Mean eiir- 

exposure 

vat lire 

Afinviett 

Number 

Degrees 

5 

2,232 

0 52±0 (H)« 

20 

1 240 

2 804' 023 

0 

: 1,8(18 

3.104- 012 


Table 2. —Mean curvatures obtained by direct transfer of tips of turnip seedlings 
to decapitated Avena coleophles 

[Roodlmfis irrmliated over a poiiod of 3^ 2 days and Kivtm a total of 7 oxi'osurcs, 12 hours apart] 


Scrofii 


(’ uscreeru'd arc. 

K('d-parpl<‘ Corex A ' 
H«‘d-puri)lc Corcjt A » 

(LWOA. 

<1580 A.. 

No viol 0 . 

Control (total darknos.s) 


1 Semi- 
dtuly 

Test b 

ciir- 

valun' 

. 

' exposure 


1 Minvta 

Number 

Degrees 

1 5 

672 

0 034:0 (K)5 

! 5 

240 

10± .0(l« 

1 5 

144 

.994: .<H3 

; 40 

624 

.704* .012 

i 20 

504 

1.704: 016 

• 20 

576 

4 904r .017 

: 0 

1 

1,983 

5.404: .013 


1 16 cm from lamp 

2 30 cm from lairif). 


RESULTS AND DISCUSSION 


In tabic 1 are given the results obtained by transferring agar 
blocks to the decapitated coleoptiles. The results shown in table 2 
were obtained by direct transfers of the tips of the treated turnip 
seedlings to the decapitated coleoptiles. The latter method proved 
to be the better since, the authors were more concerned with relative 
than with absolute amounts of growth substance. The growth 
substance present in the Arena coleoptile tips, as determined by the 
agar method, and in the agar itself is shown in table 3. 
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Table 3 .—Growth substance present in Avena coleoptile tips and in plain agar 
[Soodllngs grown in dark; 3J^ days old when tested] 

Item Tests 

Number 

/1mm tips........ . _ 480 

Plain agar.... . ... 33fi 

An examination of tables 1 and 2 reveals tliat in every case irra¬ 
diated plants produced lower curvatures and hence less growth sub¬ 
stance than did the controls kept in total darkness. Furthermore, 
the shorter the wave lengths to which the plants were exposed, the 
lower were the curvatures. Thus the lowest curvatures were obtained 
with plants exposed to the unscreened arc, wliich transmitted down to 
about 235 ni/i; the next lowest by the plants screened with red-purple 
(^orex A, wdiich transmitted dowm to 250 inAt, and the next by the plants 
screened with G586A, which transmitted dowm to about ^OOmp. In¬ 
creasing the length of exposure wdth the G586A screen or decreasing 
the distance with the red-purjile Corex A screen still further reduced 
the curvatures. The plants screened wdth Noviol 0, which eliminates 
pra(‘tically all ultraviolet but transmits the entire visible spectrum, 
gav(' less curvature than the controls, indicating that, although the 
])resence of ultraviolet radiation W’as much more effective in reducing 
growth substance, this effect of radiation is not restricted to the 
ultraviolet region. This is in accord wdtli wdiat would be expected 
from the fact that the seedlings screened with Noviol 0 were distinctly 
shorter than tlie controls, though much longer than the plants exposed 
to ultraviolet radiation. The shortest plants w^ere uniformly those 
exposed to the unscreened arc. 

There was, therefore, a distinct correlation between the stunting 
effect of the radiation used and the degree of curvature produced in 
Arena i'nleoptiles. Since the number of tests conducted under each 
condition was vei-y large, and the differences between test plants and 
controls were uniformly in the same direction, these results are 
significant. This is further showm by the statistical analysis. If the 
Went method of determining growdh substance is accepted as accurate, 
these results indicate that radiation, and particularly the short wave 
lengths of the spectrum, causes a reduction in the amount of grow th 
substance present in growing tips of exposed ])lants. If, furthermore, 
we accept, tlu' postulation of Went and others, that the elongation 
of stems is directly controlled by growTh substance, these results 
indicate that radiation checks elongation of steins through its action 
on growth substances. In other w'ords, this formative effect of radia¬ 
tion may be at least partly explained on the basis of inactivation of 
growTh substance. The discovery by Burkholder and Johnson, 
previously referred to, that radiation inacti\ated growth substance 
w-hich w^as allowed to diffuse into agar, lends further support to this 
conclusion. 
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SUMMARY 

" A study has been made of the amount of growth substance present 
in turnip seedlings kept in total darkness as compared with the 
amounts present in such seedlings exposed to the radiation from an 
unscreened mercury-vapor lamp or to this radiation as screened 
through Noviol 0, 6586A, or red-purple Corex A glasses. Irradiated 
plants uniformly contained less growth substance, as determined by 
the Went method, than did controls in total darkness. The shorter 
the wave lengths to which the plants were exposed, the greater was the 
reduction in growth substance. Although ultraviolet radiation was 
more effective in reducing the amount of growth substance present in 
seedlings, plants exposed to only visible radiation likewise showed a 
lower amount than did the controls in darkness. Since the degree 
of stunting of the seedlings was definitely correlated with reduction 
in growth substance, and since growth substance has been shown to 
exert a controlling influence on stem elongation, these results arc 
believed to support the thesis that the stunting effect of radiation 
upon plants may be at least partly attributed to the inactivation of 
growth substances. 
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THE CARBON METABOLISM OF FUSARIUM LYCOPERSICI 

ON GLUCOSE* 


By (tOKDON If. PuiTiiAM, graduate scholar, and Arthur K. Anderson, professor 
of physiological chemistry, Pennsylvania Agricultural Experiment Station 

INTRODUCTION 

Tliis paper reports the results of the fourth in a series of studies 
he^uii by Aiulerson in 1924, when he jniblished on the biochemistry 
of FvMtrium Ihii (/)>' The second ami third papers were from this 
laboratory, one in 1933, the other in 1934 {2, 3 ); both deal with Fumr- 
Imn osyi<p(>rum. The present investigation was undertaken to obtain 
data on a third Fumrinm, which would provide a basis of comparison 
with the previous studies. 

REVIEW OF LITERATURE 

One of the most important investigations (d tomato wilt is that of 
\Vhit(‘ (77), who in 1927 made a study of 24 strains of Fu^arluw hjeoper- 
s!ci with res|)ect to ])athogcnicily, influence of the hydrogendon con- 
ccuitration of the medium on the growth of the organism, products 
of metabolism on a glucose medium, and the toxicity of these products 
to tomato plants. 

In a study of the hydrogen-ion concentration of the soil as related 
to the Fusanum Avilt of tomato seedlings, Shervvo<Ml {14) found that 
acid soils favor wiltuig, but that there is no limiting degree of acidity 
or of alkalinity at ^^hich the dis(»ase will not develop. May 
found no correlation between pll or titratable acidity of live varieties 
of tomatoes and resistance to Fnsarnim wilt at any stage of growth. 
Scott (13) obtained maximum growth of Fumrivm hjeoperwi at pH 
values betwe<*n 4.o and o 3, the organism tending to cliange the pll 
of all solutions t(ward a constant value of 9.0. 

Jn a recent study of the metabolism of Fmarium Jycopersivly Luz 
(7) obs(‘rve<l four piiases in the changes in hydrogen-ion concentration 
of the m(‘dium brought about bv the growth of the fungus. He 
aserib(»s tln^se changes to the formation of organic acids and to the 
preferential absorptiem of ions l>y the fungus. He also found that, 
as soon as the glucose is exhauste<l, the organism very rapidly utilizes 
the ethyl alcohol which it produces. 

A considerable amount of work has been <lono on the biochemistiy 
of Fumrium I ini by Anderson (i), Letcher and Willaman (b"), White 
and Willaman (LJ, /6'), and Reynolds (iff). This work, together with 

» Ueewived for puhUcaticm Mar. li!, 1937, issued Fehruwry lUiiK. Pav»er No. 701 in the lournal Series of 
the Pennsylvauitt Agricultural ExtK^rlnienf Station ThL^ i»aiKT is part of a tlwsis prewented hy Gordon 
H. rritham to the faculty of the Graduate School of The Pennsylvaum Slate College, m {mrtml fulfilln;cnt 
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tliat of Birkinshaw, Charles, Raistrick, and Stoyle (5) on various 
species of Fusanvirif is reviewed elsewhere (5). Reynolds {10, 12) 
deinonstrated in resistant flax plants a cyanogenetic glucoside, 
linaniarin, which inhibited the growth of F. 11 nl, and he postulated 
that the funpis may release enough liydrocyanic acid from a resistant 
plant to inliibit its own growth. 

Anderson, Everitt, and Adams (3) repeated much of Anderson’s 
earlier work, using Fnscrrium oxy^yorum instead of F. Uni, They 
found that the metabolism of the two organisms on glucose is very 
similar, the principal difference being that F. oxysporum utilized very 
little of the ethyl alcohol which it produced, while F. Uni used it to a 
marked degree. Anderson and Emniart (2) studied the etfect of 
adding certain amino acids to the culture medium on the rate of 
carbon dioxide production by F. oxyspornm. The amino acid 
studied liad little effect on the metabolic rate 

GENERAL METHODS AND MATERIALS 

Source of Fumriutn lycopersic! culture. —The culture of the organism 
used in this investigation was obtained from Dr. C. 1). Sherbakoff, of 
the Tennessee Agricultural Experiment vStation. It was isolated 
from Maryland tomatoes and was known as culture M. From this 
culture a monosixmms culture was prepared by the authors. Trans¬ 
fers from this culture were used in the ])resent study. 

Preparation of the medium.—T )\q medium used in this work had 
the following composition: 

Aininoniuiii nitrate_ ... 1 00 g. 

Magiiesiuiri sulpliatt* . . _. .. , _ . . 0 25 k 

Monopotassium piiospliate. . , .0. 50 g. 

Distilled water to maivc_ _ . 1, 000 ml 

To this stock solution, sufficient gliK'ose was added to niake an approxi- 
matelv 2-percent solution of glucose. The exact ((uantity of glucose 
in each lot of medium was determined by the Folin-Wu (7) method 
after autoclave sterilization. 

Hydrogen-ion concentration, —The pH value of all solutions was 
determined electrometrically. The quinhydrone electrode* was used 
in all cases except in the study of the influence of the hydrogen-ioji 
concentration on the growth of the fungus, wlien the Bailey hydrogen 
electrode was employed. 

Determination of combustible gases. — Since a low percentag(‘ recov¬ 
ery of carbon was obtained in preliminary work, where the methods 
were the same as those used in earlier work on Fusariutn Uni (/) and 
F. oxysporum (3), it was thought that pt)ssibly the fungus might 
prodxice some gases or volatile compounds wdiich were not absorl)ed 
during aeration of the flasks for carbon dioxide. Consequently, a 
combustion tube, ixartially filled with ignited lead chromate and wire- 
form cupric oxide, as recommended by Pregl 09), and another barium 
hydroxide tower w’^ere added to the aeration train, the gases being 
passed through the hot combustion tube and into the second barium 
hydroxide tower after going through the first barium hydroxide tower. 
A significant amount of carbon was recovered by this method. That 
this w as not merely some carbon dioxide which had escaped absorption 
in the first tower was shown by interposing another banurn hydroxide 
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tower between the first one and the combustion tube. Very little 
carbon dioxide was obtained in this tower. 

Detennmation of nitrogen in the mycelium .—Since Anderson and 
Schutte (4) have shown that, in the absence of chlorides, the residue 
from the detennination of carbon by the wet combustion method can 
be used satisfactorily for the determination of nitrogen by the Kjel- 
dahl method, the residue from each carbon determination after 
digestion was made strongly alkaline with saturated sodium hydroxide 
solution, the ammonia being distilled and titrated as in the usual 
Kjeldahl method. 

The metliods for the preparation and inoculation of the culture 
Hasks, the determination of carbon dioxide, ethyl alcohol, residual 
glucose, organic acids, and carbon in the mycelium are essentially the 
same as those used in previous work (/, 3). 


THE REACTION OF THE MEDIUM IN RELATION TO GROWTH 
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OPTIMUM. MAXIMUM, AND MINIMUM pH 

The te(*hni(iue used in studying the relation of the reaction of the 
medium to growth of Fumrlnm lycopersici was similar to that em¬ 
ployed by Anderson (/) in his work with F. lini. The results are 
presented in figure 1. It is 
evident that F. lycopersici 
is very tolerant to extremes 
of acidity and alkalinity, 
the minijuum jilI value for 
growth being l.S<S and the 
maximum 11.0() These re¬ 
sults correspond well with 
those obtained by White 
{17) with F. lycojfersici and 
with thos<^ of Anderson (/) 
with F. lini. Luz (7), how¬ 
ever, obtained no growth 
of F. lycopersici at pH values 
above S. 10. The lowest pH 
that he trie<l was 3.2.*), at 
which value the fungus 
grew well. 

The range for good growdli 
is also very vvhle, extemling 
from about pH 2.0 to pH 
9.5, the optimum being pH 
4.1. vSeott {13) and White 
{17) obtained almost identi¬ 
cal results with F. lyco¬ 
persici, but observed two 
maxima in the growth 
curves at pH 4.0 to pH 5.3 
and above pH 7, with a 
minimum between pH 5 and 7. Luz (7) observed maximum 
growth at pH 5.7. The results of the present study also agi*ee well 
with those found for F, lini (jf). 
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CHANGK IN pH DUKING GROWTH 

Figure 2 shows graphically the change in the reaction of the medium 
with time, both with and without the growth of the fungus. Perhaps 
the most striking effect is the marked tendency of the organism, within 
the range of vigorous growth, to change the reaction of the medium 
toward the optimum value. This effect is especially notable on the 
acid side, the final pH values of five cultures that had initial reactions 
of from 1.88 to 6.28 vaiying only from 4.25 to 4.95—values that are 
well within the optimum pH range. That these changes are due to 
the growth of the fungus and not to indepi'iident changes in the 
reaction of the medium itself is showm by the fact that the change in 
the reaction of the uninoculated medium tends to be constant. The 
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Figure 2.- Changes iii hyilrogon-ioii concentration of the medium during grouih of cultures sh<»\Mi in 

figure 1. 

final pH of the blanks bears an approximatel.v constant ratio to the 
initial pH, e.xcept in the strongly alkaline solutions, where there is 
evidently considerable absorption of carbon dio.xide from the air. 
Although the change in the reaction of the iiuwulated medium is not 
so striking on the alkaline side as on the acid side of neutrality^ the 
organism shows a decided tendency to increase the hydrogen-ion 
concentration toward the optimum. Part of this increase evidimtly 
is due to absorption of carbon dioxide from the air, but here again 
the change in the inoculated flasks is greater than in the uninoculated 
ones, indicating that the fungus itself changes the reaction of the 
medium. These results are similar to those obtained by Scott (iS) 
with Fusarium lycopersici, and by Anderson {1 ) with F. Uni. * 
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In studies of the carbon metabolism on glucose, the change in pH 
was followed at intervals over a considerable period of growth. In 
all, four studies were made, and in every case the pH value of the 
medium was increased to alrout 7.0. There was no initial decrease, 
as IjUz (7) observed in his work with Fusarium lycopersici, and as 
Anderson (!) found with F. Uni. The pH value of an S-months-old 
culture of F. lycopernici, which was used in testing for organic acids, 
was 7.3, showing that the fungus will change the reaction of the 
medium from acid to alkaline if allowed to grow long enough. Luz 
(7) ascribes the increase in pH to 7.5, as observed by him, to the 
preferential absorption of nitrate ions from ammonium nitrate in the 
medium, with the concurrent liberation of ammonium ions. 

CARBON METABOLISM ON GLUCOSE 

Although four studies (series) were made, the results of only the last 
will be presented in detail as it is representative of the other three 
(table 1 and fig. 3). Since in the first series the total recovery of the 
original carbon decreased to 
less than 50 percent as 
growth progressed, it was 
thought that the fungus 
might produce some com- 
poutuls other than the ones 
being determined. Accord¬ 
ingly, two new methods 
were introduced in the 
subsequent series. It was 
suggested that some of the 
undetennined carbon might 
be in the form of gaseous or 
volatile compoimds which 
would be lost during the 
aeration of the cultures for 
carbon dio.xide. To test 
tliis hypothesis, a combus¬ 
tion tube and a barium 
hydroxide tower were intro¬ 
duced into the aeration 
train. By means of this tech- 
ni(iue, the n*sults of which 
are given as “(’ombustion” 
in table 1 and figure 3, an 
amount of carbon represent¬ 
ing about 2 percent of the 
original carbon was ob¬ 
tained, thus showing that a 
small amount of volatile organic compounds is produced by Fusarium 
lycopersici. 



FiorRK ;j- Distribution of motalKtlii* products of Fuwrium 
lycojkrsict when grown on gluinis©. See table 1. 
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Table 1. —Distribntion of metabolic products of Fmarium lycopersici on a glucose 
medium at various stages of growth 
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As a further cheok on the recovery of carbon, an a]i(|uot of the liltrato 
from the original cultures was anaJyzeti for total carbon by th<' w<»t 
combustion method. The sum of the carbon in the alcohol, resitlual 
glucose, and lead firecipitate was then subtrueded from tliis total 
carbon, giving the undetermined, or residual carbon in the filtrate. 
A maxiniuni of 8.7 percent of the original carbon could be accounted 
for in this way, indicating that a signiticant amount of sbme organic 
compounds, other than ethyl alcohol, which are not precipitated by 
lead acetate, is formed by the organism from ghi(*osc. The curve for 
the total recovery of carbon in figure 8 includes both the residual 
carbon and the carbon obtaineii by combustion. 

Table 1 and figure 3 show' that ethyl alcohol and carbon dioxide are 
the main products of the metabolism of the organism on glucose, the 
alcohol being produced slowly at first and then more rapidly until the 
glucose has been exhausted, when it decreases fairly raphlly. Since 
carbon dioxide production confines to increase after the consumption 
of the glucose, it is evident that Fumrium lycopersici can utilize ethyl 
alcohol for energy and for grow th. These facts are in accord with the 
results obtained by Anderson (/) with F. /ini, except that the decrea^ 
in the alcohol, as wdl as the rate of metabolism for the entire series, is 
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not as rapid as lie found it to be. Anderson, Everitt, and Adams (S) 
found that F, osAjsporum was able to utilize ethyl alcohol as a source of 
carbon to only a slight extent. In this connection the recent work of 
IjUZ (7) should be mentioned. He found that F. lycopernki, when 
^rown on a medium containing 5 percent of glucose, produced alcohol 
rapidly until tlie glucose was exhausted on the eighteenth day of 
growth, when the alcohol was used at a rapid rate until it was finally 
exhauste<l on the fliirty-fifth day of gi’ow^th. Since, in the present 
study, a con.siderable amount of alcohol was present in the medium 
after (U) days’ growth, it is obvious that the rate of metabolism of the 
strain of F, lyeopersiri used by liim was mucli greater than that of the 
strain employed in this investigation. However, his mineral nutrient 
solution was 10 times as concentrated as tlie one used in the present 
work. 

The lea<l preci])itat<* is significant because it is nearly constant, 
although representing only a small fraction of the original carbon. 
Evidently Fumrium lyrop^rsici produces only small amounts of organic 
acids, the lead salts of which arc insoluble. Anderson (/) also found 
that only small amounts of these acids were produced by F. I ini. 

The residual carbon in the filtrate increases rather rapidly until the 
glucose is practically exhausted, and then decreases. Since this 
decrease is at a somewhat more rapid rate than the corresponding 
decrease in alcohol and in the total carbon in the filtrate, it is evident 
that the fungus utilizes this carbiui more easily than it does ethyl 
alcohol. As old cultures have an esterlike o<lor re.sembling that of 
apricots, it is possible that this residual carbon is re[)resented by some 
organic acids which were not deterinineil by any of the methods used. 

The amount of volatile compoumls ^letermimal by combustion shows 
a gradual increase during the entire growth period. The highest value 
was obtained in the last series at GO days, when G.l percent of the 
original carbon w as in this form. At least a part of this carbon may be 
in the form of volatile acids, since in subsequent experiments a small 
anmunt of these acids was found in old cultures of the organism. 

The changes in tin* pH of the medium with growth are practically 
uniform in all series and the final pH is nearly the same in all series, 
being w ell w ithin the optimum range for grow th. Luz (7) found that 
lie could divide the grow ih of Fusarium lycopers^ici into four stages on 
the basis of the pH <*hanges during growth, but no such periods, or 
^‘breaks,” in the pH curves were obtained in this w ork. Anderson (1) 
observed that F. I ini first decreased the pH of the medium and then 
gradually increased it, the final value depending on the initial pH of 
the medium. 

QUALITATIVE TESTS FOR ORGANIC ACIDS 

The filtrate from an 8-months-old culture of Fumrinm lycopersiei 
was distilled fn)m acid solution, and the distillate titrated with 
standard alkali. An amount of volatile acid equivalent to about 4.0 ml 
of normal acid, or 0.24 g of acetic acid, was obtained. The residue 
from the distillation wuis tested for oxalic acid by the usual precipita¬ 
tion as calcium oxaiate. Since there was obtained a w hite precipitate 
which decolorized potassium permanganate in sulphuric acid solution, 
it was concluded that oxalic acid wm formetl in small amounts, thus 
confirming the findings of Luz (7). A doubtful test for tartaric acid 
was also obtained. 



944 Journal of Agricultural Research voi r>5, no. 12 


COMPOSITION OF MYCELIUM 

The data for the percentage of carbon and of nitrogen in the myce¬ 
lium, calculated on the diy weight of mvcclium, are riven in the 
column headed ‘^Mycelium'^ in table 1. 'fhere is a tencfoncy for the 
carbon content of the mycelium to decrease with age, a (*hange 
exactly opposite to that found for Fnsarium Uni (1) and for F. oxgs- 
porum (5). 

In general, the nitrogen in the mycelium tends to decrease slightly 
with age, indicating that old cultures contain less active protoplasm 
than fresh cultures. These results agree with those obtained for 
Fusariumlini {!) 

Carbohydrates contain about 40 percent of carbon, proteins 51 
to 55 percent, and a typical fat such as tristearin 70.87 percent. 
During the first 43 days of growth the carbon content of the mycelium 
ranged from 45.02 to 48.50 percent. During the final stages of growth 
the carbon content of the mycelium dropped to between 40.00 and 
42.07 percent. Since the percentage of nitrogen in the my(‘eliuin 
decreased together with the percentage of carbon it appears that the 
carbohydrate content of the mycelium w'as increasing with age. 
There w^as no evidence of fat formation, as was the case with Fusariunt 
Uni {!) and F, oxysporum {S). 

RATIO OF PRODUCTS OF METABOLISM TO ONE ANOTHER AND TO 
THE GLUCOSE CONSUMED 

Various coefiicients and equivalents have been introduced into the 
literature to express the relationships existing among the products of 
metabolism and the (‘ompounds consximed by a fungus. A number of 
these ratios have been calculated for each series of exptuiments in 
the present investigation; the ones for the last series are presented in 
table 2. To avoid confusion, the exact meaning of ea(*h rati(» is 
given at the top of each column. 

The respiration coefficient represents the grams of carbon dioxide 
produced i)er gram of dry mycelium. There is an in<*rease in this 
ratio with age up to a certain point, aiul then a slight decTcase, this 
point usually coinciding with the exhaustion of the glucose ami the 
beginning of the utilization of ethyl alcohol. Evidently Fusariutn 
lycopersici is able to use ethyl alcohol better for mycelium building 
than as a source of energy. F. Uni (/) and F. oxysporum (d) showed 
a steady increase in this ratio. 


Table 2.— QuarUiiatirc relation ah tpt< cxiattng between the vnnoua metnlnthe produde 
of Fasarinm lyropera^ri when grown on a glucoae medium 


Age of 
culture 
(days) 

c«)emcient' 

Weight of COt 
W^'ight of 
mycollum 

1 Kcwiomie 

1 cot'fficient: 

1 W'i'ight of .sugar 

1 wjnsumed 

weight of 
ri'yoelium 

1 Resruratjofi 
{ equivalent- 

f 

('arhori <if 
COjXHK) 
carbon 
cofisunxfl 

1 P[a.stlc 

! equivalent* 

1 C'arbon of 

1 mynduiniXIOO 
carbcin of glucose 
consumed 

1 Ah-oh<il 

I tsiuh ftlent 

Cartion of 
alcfibolx HH) 
c^bon of glu- 
eoae mmutv.ed 

! ('arbon of 
’ nh^)hoJ 

1 Carbon of 
COj 

j 

8. 

2 OH 

(i h:) 

20 60 

24.72 

22. 70 

1,10 

16. 

3,39 

12 4ft 

IH 50 

9.57 

32.49 

1.7ft 

22. 

4.07 

, 14.42 

19 2.6 

7 02 

40,29 

2.09 

2fl. 

4.72 

1ft, 02 

2(». 10 

7 69 

40. 70 

2.00 

87. 

4 83 

16 2:1 

21 6ft i 

7 59 

36.40 

1.64 

43. 

6.22 

1ft 19 

23 4ft 1 

7.M 

36.96 

1.63 

49. 

6.88 1 

17.15 

23 3 7 

6.11 

30.16 

1.29 

M.1 

6.7« 

lft.00 

24. 62 

6.22 

27. 4H 

1.12 

60.. 

6. 77 

10.04 

21 60 1 

6.6tJ 

26. 17 

1.07 
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Similar changes take place in the economic coefficient, which is 
the amount of carbon source required to make 1 g of dry mycelium, 
the ratio increasing to a maximum and then decreasing as the fungus 
changes from glucose to alcohol as a building material. Fusarium Uni 
(1) showed similar changes, but the maximum value was only 13.1, 
as compared with 17.15 in the case of F, lycopersici. Evidently the 
former organism uses carbon sources more efficiently than the latter. 
That young mycelium is more efficient in sugar consumption than 
older mycelium is illustrated by the low value obtained in everj^ case 
for the first growth period, usually a week or 10 days. 

As would be expected, the percentage of the carbon consumed that 
is transformed into carbon dioxide, or the respiration equivalent, 
increases with age during the growth of the fungus, since ethyl 
alcohol is used as a source of energy after the glucose has disappeared. 

The plastic ecjuivalent is really the reciprocal of the economic 
coefficient, since it represents the percentage of the glucose consumed 
that is converted into mycelium. As would be expected, it shows 
recipro<uil changes, decreasing with age until the glucose is entirely 
used, und then increasing slightly. These changes also tend to show 
that etliyl alcohol is used somewhat more efficiently than glucose for 
mycelium jiroductiou. 

The alcohol e(|uivHlent is the percentage of glucose consumed that 
is converted into ethyl idcohol. The changes in this ratio show that 
Fu^sarium lycopersld utilizes ethyl alcohol after it has used all the 
glucose, sinc(» the values increa.se until the point at which the glucose 
is exhausted is reached, aftiu* which they decrease markedly. 

In the last (‘olumn of table 2 the ratio of the carbon in alcohol to 
the carbon in carbon dioxide is given. In a typical alcoholic fermen¬ 
tation the ratio of carbon in alcohol to carbon in CO 2 is 2:1. Table 2 
shows that the experimentally determined ratio approaches very 
(dosely the theoretical, and is exactly 2,00 on the day of maximum 
al(‘ohol ]>roduction. Because of the utilization of the alcohol by the 
fungus, tije ratio decreases to 1.07:1 on the .sixtieth day of growth, 
indicating that about 25 percent of the alcohol is changed into carbon 
dioxide. The actual dcMuease in alcoliol is over 30 percent, the 
diirereiKH" [)eing accounted for by the growth of the mycelium. 

UTILIZATION OF ETHYL ALCOHOL 

Since Fiisaritim lycopersici utilizes the ethyl alcohol which it pro¬ 
duces from glucose, the effect on the growth of the fungus of various 
con<‘etitrations of ethyl alcohol, both alone and in the presence of the 
same concentration of glucose that was used in the preceding work, 
was studied. Two series of 26 flasks each were used, each flask in 
one series containing 100 ml of mineral nutrient medium without 
glucose, and t^ach flask in the other series containing the same 
amount of medium with enough glucose added to make an approxi¬ 
mately 2-perccnt glucose solution. The exact amount of glucose 
was not determined, but was assumed to be the same in all flasks con¬ 
taining it, since the medium for each flask was measured from one large 
lot. To 24 flasks from each series, amounts of 95 percent ethyl 
alcohol varying from 0.2 to 6.0 ml were added after sterilization. 
Two flasks were used as controls, no alcohol being added. After 10 
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days growth, the mycelium was removed by filtration and dried to 
constant weight at 100° C. The results are presented in figure 4. 

In low concentrations, ethyl alcohol is a good source of carbon for 
Fusarium lycoperski. The fungus will grow slightly, even in concen¬ 
trations as high as 4.90 g per 100 ml of solution. That niaxirnum 
growth occurred at a concentration of 0.41 g per 100 ml is significant, 
as the maximum amount of alcohol produced by the fungus in any of 
the studies of the glucose metabolism was 0.57 g per 100 ml. The 

limiting value for maxi- 
T I [' ] 1 mum growth is apparently 

•3' / '> } ! i between these two figures. 

5 10 /v.. 4 —- j These results compare fa- 

“ ^ ^ .WITH GLUCOSE ] 

^ j ' ! Anderson (/), who obtained 

I 08 '-T “ ^ |~ i maximum growth of F, Uni 

Zj / VyCv A. ! i I at an aleohol eoneentration 

> /_ Y _. j i of 0.38 g per 100 ml. A 

j ' ^ ^ i eoneentration of 3..50 g per 

o I j \ I \' i UK) ml, however, inhibited 

^ 04 4 -J- \ --"iX ^ \ - " eompletely the growth of 

~ I ! I V., organism. 

^ jl ! I ’ ; \ As was ex pee ted, growth 

^.02 j| j 7 % j was generally heavier in the 

^ I j I i I flasks eontaining glueose in 

ol „_i_j .1 L_ f addition toaleohol,although 

0 10 20 30 40 50 60 the twogrowtli curves tend 

ALCOHOL ADDED TO 100 ML OF MEDIUM (ML) parallel each other. 

Fita'KE 4 -Mycelium production on various ctmcenirations 

of ethyl alcohol, with and without plucobe i mil lOA^ ( OIU C lU r ai-ioiis Oi 

alcohol have a stimulating 
effect on the growth of the fungus on glueose is evideneed by 
the fact that the weight of mycelium produced on the solution eon¬ 
taining O.U) g of aleohol is significantly greater than that on the 
glucose solution alone. As the amount of aleoliol increases, however, 
the weight of mycelium decreases until, at a concentration of 4.90 g 
per too ml, less mycelium is produced than on a solution containing 
4.08 g of alcohol and no glucose. 


ALCOHOL ADDED TO 100 ML OF MEDIUM (ML) 

Fku'ke 4 -Mycelium production on various ccmcenirations 
of ethyl alcohol, with and without jrlucobe 


DISCUSSION OF RESULTS 

Fusarium lycopersici is as tukrant to extremes of hy(lrogen- and 
hydroxyl-ion concentration as F. Uni, and the optinmm pll value for 
growth is practically the same for both oiganisms. F. lycopersici is 
apparently better able to change the pH of strongly acidic solutions 
toward the optimum value than is F. lini. In vdew' of the ability of 
the organism to grow' over such a wide range of pH values, it would 
not appear feasible to attempt to control the Fusarium wilt of tomatoes 
by adjusting the pH of the soil, although Sherwood (14) found that 
there was a greater percentage of infection of tomato seedlings by the 
fungus in acid soils. 

The results of the work on the carbon metabolism of Fusarium 
lycopersici on glucose indicate that this organism produces, in addition 
to ethyl alcohol and carbon dioxide, appreciable quantities of volatile 
and nonvolatile compounds, part of which was determined by new 
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methods. Because of the striking esterlike odor of old cultures, it is 
thought that fatty acids comprise an appreciable portion of these 
compounds, although attempts to identify these acids were unsuccessful. 

The production of these compounds is an essential point of distinc¬ 
tion between this organism and Fusarium Uni and orifsporum. In 
the work witli these last two fungi over 90 percent of the origmal 
carbon could be accounted for in the ethyl alcohol, carbon dioxide, 
and my(*elium, whereas in the present study the maximum percentage 
of the original glucose that could be recovered in the form of these 
three products was less than 70 percent. This difference in the per¬ 
centage recover^" probably is due to actual differences in the biological 
characteristics of the organisms and not to faulty technique. 

Another biochemical difference between the three species of Fusaria 
under discussion appears in the carbon content of old mycelia. In 
Fusarium lyeopersici the carbon content of the mycelium approaches 
that of a carbohydrate, whereas with F. Uni and oxysporum there 
is an indication of fat deposition with age. 

The courne of the al<‘oholic fermentation caused by Fusarium 
lyeopersici is jmictically the same as that of Uni and of F, oxysporum^ 
alcohol and carbon <iioxide being produced in approximately tlie same 
proportion.s by all tliree fungi. IM^e amount of alcohol produced by 
F. lyeopersici^ however, was somew hat less than that produced by the 
other tw’o organisms. The maximum quantity obtained in this work 
was 1.7 g, as compared with 2.1 to 2.2 g in the other investigations. 

No attempts were made to discover the substances that are toxic 
to tomato nlants. It does not seem likely, however, that the organism 
produces alcohol in sufficient c|uantity to account for its wilting effect, 
as the maximum concentration obtained in these studies was 0.57 g 
])er 100 ml, and Luz (7) found that tomato plants were not wilted 
when placetl in alcohol solutions containing 2 g pi^r 100 ml. White 
{17) found that tomato cuttings w^ere not wilted by concentrations 
of alcolu)! up to 4 ])ercent by volume, but that the low' molecular 
weight fatty acids and oxalic acid were highly toxic in concentrations 
of only 0.00 per<*ent, (Concentrations of alcohol of 4 percent or more 
inhibited the growth (ff the fungus, even in the presence of glucose, 
wiu(‘h is presumably an easily assimilable form of carbon; hence it is 
not likely that the concentration of alcohol in the tissues of the 
infe<’ted plant wtnild become great enough tu cause wilting and death 
of the plant. 

SUMMARY 

Fusarium lyeopersici, the organism which causes tomaU> wilt, is 
not sensitive to extremes of hydrogen-ion and hydroxyl-ion concen¬ 
tration. It will grow' on artificial media at i)H values between 1.88 
and 11.0r>. 

The range for good growth is also wide, extending from pH 2.0 
to pH 9.5. 

The organism slunvs a decided tendency to change the pll of both 
acid and alkaline media toward the optimum value, the final pH in 
five cases varying only between pH 4.25 and pH 4.95. 

The principal products of the metabolism of the organism on glucose 
are carbon dioxide and ethyl alcohol, but considerable (piantities of 
other Cxompounds, presumably volatile and nonvolatile organic acids, 
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are formed as well. Some of the carbon in these unknown compounds 
was determined by means of new procedures. 

The ratio of the carbon in alcohol to carbon in carbon dioxide is 
vejy nearly that required by the equation for a typical yeast fer¬ 
mentation. Because of the consumption of the alcohol by the fun^s 
during the later periods of growth, however, this ratio gradually 
decreases with the age of the culture. 

FuMrium lycopersici definitely uses the ethyl alcohol that it produces 
for energy and growth as soon as the glucose in the solution has 
been exhausted. That it uses the alcohol somewhat more efficiently 
than the glucose is evidenced by the slow decrease in the plastic equiv¬ 
alent while the organism is using glucose and the sudden increase in 
this ratio when alcohol becomes the carbon source. 

Ethyl alcohol will serve as the sole carbon source for Fvmrium 
lycopersici^ maximum growth being obtained on a concentration of 
alcohol approximating the maximum amount •produced by the fungus 
on a glucose medium. Concentrations of alcohol of 4 percent by 
volume or more seriously inhibited the growth of the fungus. A small 
amount of alcohol (0.2 percent) stimulated mycelium production on 
a glucose medium, whereas concentrations of 5 percent by volume 
or more inhibited growth. 
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B. Gahan. 

Protein — 

deficiency in ration of lambs, effect on 
amount of feed consumed. John 1. 
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Levine and 1) C. Smith. 713-729 

identification, analytical key.. .. 717 

See also Oat stem rust fungus 
Pullets, White T-.eghorn, egg production fac¬ 
tors, interrelationships I. Michael Ler- 
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app.— 

four principal, found within commercial 
range of Pinus monticola, susceptibility 
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